OGO-E-16 search coil magnetometer by Nahabit, R. J.
ENGINEERING REPORT 
OGO-E SEARCH COIL MAGNETOlMETER 
CONTRACT NO. 951142 
Prepa red  F o r  
JET  PROPULSION LABORATORY 
MARSHALL LABORATORIES 
3530 Torrance,  Boulevard 
Tor  r anc e ,  C alifo r nia 
https://ntrs.nasa.gov/search.jsp?R=19690007324 2020-03-12T07:25:19+00:00Z
Page i 
.ENGINEERING REPORT 
OGO-E-16 SEARCH COIL MAGNETOMETER 
CONTRACT NO. 951142 
Prepared  By: 
Robert J. Nahabit 
Pr oj e c t Engine e r 
Approved By: 
P rogram Engine e r 
Approved By: 7 E k y g L  
Eric A i  r i  
P rogram Manager 
MARSHALL LABORATORIES 
3530 Torrance Boulevard 
Torrance, California 
Page ii 
ACKNOW LEDGEBAENT 
The authors wish to express their  gratitude to all  3et Propulsion 
Laboratory and Marshall  Laboratories personnel who contributed 
maximum effort in developing the OGO-E- 16 Search Coil Magnetometer 
and in the preparation of this document. 
Page iii 
ABSTRACT 
The OGO-E Triaxial  Search Coil Magnetometer was designed to measure 
geomagnetic and interplanetary field fluctuations in  the feequency range 
of l e s s  t h a n .  01 Hz to above 1000 Hz. 
dampened inductor, consists of 100,000 turns of wire wound on a nickel- 
s teel  laminated core. 
10 microvolts (pv) -per gamma (y)-per Hertz (Hz). 
(10 picofarads), and a gain of one hunderd i s  mounted near the sensors 
in a boom mounted experiment package of the spacecraft. 
electronics assembly located in the main body of the spacecraft, further 
amplifies the data f r o m  each preamplifier, performs a tr iaxial  spectrum 
analysis, and generates seven (7) commutated outputs per axis, each a 
measure  of the energy in a given frequency band. 
by the main assembly a r e  (1) r ea l  t ime data, (2) wideband f-m data, (3 )  
in-flight calibration, (4) gain state data, and (5) operating power conversion 
and regulation. 
Test  Equipment (BTE) mounted in a single package. 
package i s  to simulate all  spacecraft interface signals during preflight 
calibration and monitor the performance of the instrument. 
The search coil sensor,  a critically 
The basic sensitivity of the sensor i s  approximately 
A low noise d-c 
preamplifier with a high input impedance (10 9 ohms), low input capacity 
The main 
Other functions provided 
Special equipment requirements included a portable Bench 
The function of this 
. .  . . -7 : 
1 .  
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1.0 INTRODUCTION 
This repor t  summar izes  the work car r ied  out by Marshal l  
Laborator ies  in compliance with J P L  Contract 951 142, OGO-E Triaxial  
Search Coil Magnetometer. 
The p r imary  task  of this contract was to develop, fabricate, and 
t e s t  one (1) breadboard monoaxial magnetometer, two (2)  flight models 
of a Triaxial  Search Coil Magnetometer and one (1) Bench Test  Equipment. 
The p r imary  function of the magnetometer is to measure  the 
geomagnetic and interplanetary field fluctuations in the range of l e s s  than . 01 Hz to above 1000 Hz. 
to  determine the frequency spec t rum of the magnetic field fluctuations. 
A commutated spectrum analyzer is included 
The flight instrument  consists of five subassemblies.  Three 
These a r e  all 
sensor  subassemblies  contain the search  coils, and a preamplifier 
subassembly contains three  low noise preamplifiers. 
mounted in  an experiment package a t  the end of a long boom (EP-5)  to 
reduce interference f r o m  the spacecraft  signals. 
package, mounted in the spacecraft  body, contains the remaining electronic 
circuitry.  
The main equipment 
The portable Bench Tes t  Equipment was designed to generate 
all spacecraft  interface signals for  complete laboratory bench checkout. 
It also provides t e s t  points for monitoring a l l  input-output signals, and 
provides externally programmable commutating and r e s e t  functions 
adaptable to automatic calibration and checkout systems. 
This r epor t  contains detailed system, electr ical  and mechanical 
descriptions of the flight instrument and the Bench Test  Equipment. 
2 . 0  SYSTEM DESCRIPTION 
The following sections describe the OGO-E Triaxial  Search Coil  I 
A Master  Drawing List Magnetometer including the mechanical design. 
is contained in  Appendix A of this report  which references a l l  drawings 
required for a full  evaluation of the magnetometer design. However, 
smal le r  and simplified schematic diagrams are presented throughout 
this repor t  to aid in the analysis of the circuits. under discussion. 
Figure 1 shows the block diagram of the OGO-E Triaxial  Search 
Coil Magnetometer which consists of three monaxial magnetometer assemblies,  
a power supply, control circuits,  status indicator circuits,  and in-flight 
calibration circuits.  
.. 
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A monaxial magnetometer assembly consists of a search coil 
sensor,  preamplifier, waveform channel, commutated wave analyzer 
channel, wideband peak detected channel, and a frequency modulated 
SCO channel. 
of thange of the amplitude of the magnetic field component along i ts  
axis. 
to the input of a voltage controlled low pass filter, and to the input of a 
wideband amplifier. 
gain change amplifier, low pass filter, and a second gain change amplifier, 
” and an output amplifier. 
spacecraft  te lemetry .system. 
The sensor  generates a voltage proportional to the ra te  
This signal is amplified by a low noise preamplifier and presented 
The output of the low pass filter drives a waveform 
The output of this amplifier is an input to the 
The waveform gain change amplifiers have a voltage controlled 
gain of either 1.4 o r  14. 
of 5.1. 
be either 10, 100, o r  1000, corresponding to low, medium, o r  high gain. 
A voltage is presented a t  the output of the waveform gain state. The 
function of the low pass fi l ter  in the waveform channel is to limit the 
response of the channel to the data bit ra te  of the spacecraft. 
The waveform output amplifier has a gain 
By a combination of control voltages, the waveform gain may 
The bit ra te  logic senses the operating mode of the spacecraft 
data sys tem via the spacecraft bit rate,  mode, and switch signals and 
presents a control voltage to the 1c;w pass filters. This voltage will 
limit the bandpass of the waveform channel to either 64 Hz o r  2 Hz 
corresponding to wide and narrowband operation. Wideband operation 
occurs at the 64 kilobit ra te  and narrowband operation occurs at  8 and 
1 kilobit rates.  The bit ra te  logic also drives a status logic circuit 
which gives an output voltage identifying the waveform bandwidth. 
output amplifier of the waveform channel is biased to t 2 . 5 ~  d-c and 
has a maximum excursion of 5v p-p. 
The 
The wideband amplifier consists of two (2) cascaded voltage 
controlled gain change amplifiers identical to the waveform amplifiers. 
The output of the wideband amplifier provides the input to the wave 
analyzer channel, wideband peak detected channel, and SCO channel.. 
A monitoring signal i s  also brought out to the BTE f rom this point and 
used for calibration purposes. 
There are seven (7) bandpass fi l ters for each wave analyzer channel 
with center frequencies of 10,22,47,100,220,470 and 1000 Hz. 
output of each fi l ter  i s  an analog voltage corresponding to the energy in 
i t s  frequency band. 
sequentially sampled by a commutator which i s  controlled via the com- 
mutator index logic by the spacecraft index pulses. 
presented to the spacecraft telemetry system through a stable d-c 
amplifier with short  circuit protection and low output impedance. 
output amplifier resting level i s  nominally o 2 . 02 volts. 
The 
The voltage f rom the seven (7) bandpass fi l ters i s  
The data i s  then 
The 

The input to the wideband peak detected channel and the SCO 
channel i s  through a low pass filter which has -3db response at  1000 Hz. 
The purpose of this filter is to limit the voltage swing at higher frequencies 
to  reduce the higher harmonics generated by the SCO frequency modulation 
process. 
a bandpass filter and output amplifier which drives the spacecraft telemetry 
system. The X, Y and Z axes SCO signals a r e  combined in a single 
driver amplifier before entering the spacecraft telemetry system. The 
SCO output amplitude i s  nominally 1. 7V rms with center frequencies of 
3OKHz, 52.5KHz and 70KHz corresponding to X, Y, and Z axes respectively. 
The X and Y axes SCO's have a maximum frequency deviation of f 1570 
and the Z axis SCO has a maximum frequency deviation of f 7-1/270, 
selection of these center frequencies and frequency deviations provides 
approximately 1000 H z  response for each channel. Provision is also 
made to turn the SCO's "On" and "Off" simultaneously via ground command 
during t ime sharing modes of the spacecraft telemetry system. The 
ground command i s  sensed by the SCO detector amplifier which turns the 
SCO's "On" or  "Off", and an output i s  generated by the status logic cor-  
responding to the active o r  inactive state. 
The output of each SCO (X, Y and 2 axes) is passed through 
The 
The output of the low pass filter that drives the SCO channel 
This signal also drives the wideband peak detected output channel. 
i s  peak detected and passed through an output amplifier to the spacecraft 
data system. 
certain phases of spacecraft operation, the wideband data will st i l l  be 
transmitted. 
Although the SCO may at times be commanded off during 
Figure 2 shows the interface wiring drawing which depicts all  
interconnections between the five subassemblies as well as  all connections 
to the spacecraft and the signals on the instrument tes t  connector. Figure 
3 shows the thermal  schematic drawing which depicts the thermal  properties 
of each of the five subassemblies. 
2.1 Sensor Assemblies 
The three probe assemblies contain the basic instrument 
sensors  and a r e  mounted orthogonally within Experiment Package No. 5. 
2.1.1 Characteristics 
Each of the sensors consists of a core manufactured 
f rom a high permeability magnetic material  upon which is placed a coil 
consisting of many turns of fine copper wire. 
of each i s  as  follows: 
The approximate characterist ics 
1 
1 
I i I  
- -  -1 
A -- 
x 

h 
I 4i 
i 
+*+44:i 
t Q 
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A. Sensitivity: 10 microvolts per gamma Hertz 
B. DC Resistance: 50K ohms 
C .  Inductance: 1200 Henries 
D. Capacitance: 30 Picofarads 
E. Resonant Frequencies: 670 Hz 
F. Damping: Critical 
Figure 4, shows a photo of the three sensor assemblies. 
2.1.2 Mechanical Characterist ics 
Figure 5, shows the sensor envelope 
The sensor housing is constructed of aluminum approxi- 
The housing cover is 
drawing. 
mately .02  inches thick. 
the housing by a light weight foam material. 
sealed by an epoxy adhesive. 
a Cat-a-Lac black epoxy paint. 
The sensor assembly is held in place within 
The housing is primed and painted with 
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2.2 Preamplifier Assembly 
Each magnetometer instrument contains one preamplifier 
assembly which contains three low noise preamplifier modules and one 
preamplifier heater module. 
near  the probe assemblies in Experiment Package No.  5. 
The preamplifier assembly i s  mounted 
2.2.1 Preamplifier Electrical  C haraeter is  tic s 
Each of the three preamplifiers has the 
following electrical  characteristics: 
A. Mid-Frequency Gain: 100 f 2 
B. Frequency Response: DC to 2KHz f 1 db 
C .  Input Impedance: Approximately l o 9  ohms 
shunted by 10 picofarads. 
D. Output Impedance: Approximately 100 ohms 
E. 
F. 
G. 
Minimum Undistorted Output Signal: 
RMS into 50K ohm load. 
Operating Temperature: -5OOC to t6OoC 
1.0 volts 
Input Nois e: 
1. Less than 1.0 microvolts RMS f rom 
0.1 H e  t o  1 Hz. 
2. Less than 0.01 microvolts squared per 
cps f rom 5 Hz to 1000 Hz. 
Page 12 
2 .2 .2  Preamplifier Mechanical Characteristics 
The preamplifier assembly envelope conforms 
Figure 7 i s  a photograph of the same 
The housing is  constructed of magnesium coated with Dow 7 
to  the drawing shown in Figure 6. 
assembly. 
and painted with a Cat-a-Lac black paint. 
and the heater module a r e  electrically connected on a mylar hookup board 
and thermally insulated with several  layers of NRC Super Insulation. 
The wrapped subassembly i s  held in place and further insulated by use of 
a light weight foam material. 
The three preamplifier modules 
- -  
2. 3 Heater Electrical Characteristics 
The proportional heater module i s  incorporated in the 
preamplifier assembly in order  to allow operation at  low ambient 
temperatures. 
t ro l  thermistor temperature i s  greater than 15 C, and dissipates at 
least  0. 15 watts when the control thermistor i s  at 15OC or  lower. 
This module dissipates . 0 2  watts o r  less  when i ts  con- 
0 
2.4  Waveform Channel 
The waveform channels assembly contain circuitry to 
provide waveform information f rom three different axes, 
diagram of one waveform channel is  shown in Figure 8. 
t i c s  of each waveform output a r e  as follows: 
A block 
The characteris-  
A. Hi Gain: 1000 f 20 
B. Med Gain: 100 f 2 
Lo Gain: 10 t 0.2 C. 
D. High Frequency Cut-off (-3db): 
- 
Narrowband -1. OHz t 20% 
Wideband -64.0 Hz t - 20% 
Low Frequency Cut-off (- 3bd): 
.01 HZ (-3db) f 2070 
slope = 18 db/octave 
E. 
F. , Output Resting Level: 2. 5 f 0. 1 volt 
G. Output Impedance: Less than 1000 Ohms 
H. Output Voltage Range: F rom -1. OV to 
t 6. 5V maximum. 
between to. 1V and t5. OV. 
Output signal is  distorted 
-r--  - 
I"--- -- 
I 
-"- 
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1. 
J. 
Gain Change Sequence: 
Lo, Med, Hi, Lo, Med, Hi, etc. 
controlled by ground impulse command 
The bandwidth of the waveform output is 
controlled by logic c i rcui t ry  utilizing the 
Bit Rate, Mode and Switch signals of the 
spacecraft  telemetry system. Narrowband 
operation will take place at all t imes except 
when either of the following combinations 
of Bit Rate,  Switch, and Mode signals a r e  
p r  e s ent. 
1. Bit Rate, 64KHz Switch, V1; Mode, V3 
2. Bit Rate, 64KXz; Switch, V2 Mode, V4 
2.5 Spectrum and Wave Analyzer Channels 
A block diagram of spectrum channel and a seven channel 
wave analyzer is shown in  Figure 9. 
The spectrum output for each axis has the following 
character is t ics  (these signals a r e  not utilized by the spacecraft): 
A. Gain: Lo 2 f 2% 
Med 20 f 2% 
High 200 2% 
B. Frequency Res pons e; 
1.0 Hz to 2000 Hz f 3db 
C .  Output Impedance: 
Less  than 200 ohms 
D. Maximum Undistorted Output Swing: 
1.5 volts RMS 
E. The gains of all three spectrum channels a r e  
controlled simultaneously by a ground impulse 
command. 
GaiqChange Sequence: Lo, Med, Hi, Lo, Med, 
Hi, etc. 
I 
I 
I 
I 
1 
I 
I 
I 
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I 
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A4 = 14 in Hi  Gain 
= 1.4 in Lo and Med Gain 
A5 = 14 in Hi  and Med Gain 
= 1.4 in Lo Gain 
volt dc 
volt rms A6 = 1.4 
-3 = 220 x 10 sec. 
= 16 x 10 sec. 
T3 
T4 
-3 - _  
- 3  T5 = 7.4 x 10 sec. 
-3 
-3 
T6 = 3.4 x 10 
T7 = 1.6 x 10 
T8 = 0. 74 x 10 sec. 
T = 0.34 x sec. 
T1O 
sec.  
sec.  
-3 
9 
- 3  = 0.16 x 10 sec.  
Tll = 1 sec.  
= .091 x sec. ' TA 
FIGURE 9A 
Spectrum Amplifier and Wave Analyzer 
5 7 . 9 1 7  
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The wave analyzers have the following characterist ics 
(these outputs a r e  commutated before being transmitted to the spacecraft 
telemetry). 
A. 
B. 
C. 
Frequency 
f o x  1.0 
fo x 1 . 1  
fo x 1. 18 
f o x  1.5 
fo x 2.15 
fo x 0. 910 
fo x 0.848 
fo x 0.667 
fo x 0.465 
D. 
E. 
F. 
G. 
€3. 
The gain at resonance of each bandpass filter 
is 8. 5 t 1. 5 - 
The resonant frequencies of the seven bandpass 
f i l ters  a r e  10, 22, 47, 100, 216, 467 and 1000 
cps a l l  f 12%. 
The AC gain of each channel relative to the 
resonant frequency gain i s  as follows: 
Gain in db 
0 
- 3  t 0.5 
-6 i- 1 . 0  
-13.41 1.0 
-20 * 1.0 
-3 f 0.5 
-6.0 f 1.0 
-13.4 t 1.0 
-20 t - i . 0  
The detector output resting level is 0 t 20 
millivolts. The temperature  stability-is less  
than f 20 millivolts. 
The detector r i s e  time constant is less  than 
3 milliseconds. 
Detector Decay Time constant is one (1) 
second. 
The detector output range is nominally 0 to 
2.5 vdc. 
. .  
volts DC Detector Gain: I. 4 volts RMS 
2.6 Sub-car r ie r  Oscillator (SCO) and Wideband Detector 
Each axis contains an SCO and Wideband Detector as 
shown in  Figure 10 and 11. 
spacecraft  telemetry systems a r e  available, the Y axis and 2 axis SCO 
outputs a r e  summed and amplified by a single dr iver  amplifier. 
Since only two sub-carr ier  inputs to the 
The 
Page 20 
SCO outputs to the telemetry system are (1) X axis subcarr ier  and (2) 
summed Y and Z axis subcarr iers .  The input to each is the spectrum 
output of Figure 9. The characteristics of the SCO are a s  follows: 
A. Low Pass Filter Cutoff Frequency: 
1000 f 50 Hz 
B. SCO Center Frequency: 
X Axis; 30KHz f 0. 27'0 
Y Axis; 52. 5KHz t 0.2% 
z Axis; ~ O K H ~  t 0: 2% - 
C. --The frequency deviation is t - 3.00 t - 0.06 percent 
of center frequency per input volt peak-to-peak for 
X and Y-axis; and f 1.50 f 0.03 percent for Z-axis. 
D. The modulation produces less  than one percent 
distortion for  the maximum available signal f rom 
the low pass filter. 
E. Not more  than five percent of the SCO output signal 
lies outside the following bands: 
1. X-Axis: 25.5KH~ to  34. 5KHz 
2. Y-Axis: 44.7KHz to 60.5KHz 
3. Z-Axis: 64.8KHz to  75.2KHz 
F. Output Impedance: 
Less than 100 ohms 
G. Output Amplitude: 
4.75 0.10 volts peak to peak 
H. The SCO's are turned On and Off by the Special 
Purpose Power Command. 
The wideband circuit  has the following characteristics : 
AI The wideband detector has a r i s e  time constant 
of 180 x see., and a decay time constant 
of 1 second. 
B. Output Amplifier Gain: 
5.9 1% 
C. Amplifier Output Impedance: 
Less than 100 ohms 
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D. The amplifier resting level: 
ov t . 02  volts 
E. Output Voltage Range: 
f r o m  - 1. Ov to 6 . 5 ~  maximum output signal 
undistorted between +O. l v  and $5. Ov 
2.7 Bandwidth Control 
Figure 12 shows the circuit block diagram of the bandwidth 
control network for  the waveform channel. 
inversion the Bit Rate, Mode and Switch signals of the spacecraft telemetry 
system a r e  mechanized by logic AND and OR gates to provide 1 Hz narrow 
band operation except under either of the following conditions for 64 Hz 
wideband operation. 
After interface buffering and 
1. Bit Rate 64 Kbps BR 
Mode v3 M 
Switch v1 3 
2. Bit Rate 64 Kbps BR 
Mode v 4  I3 
Switch v2 S 
The output control signal i s  0 to 0 .2  vdc for narrow band 
operation and t5 .8  to +6 vdc for wideband operation. 
2.8 Wave Analyzer Commutator Control 
The wave analyzer commutator control circuit block 
diagram is shown in Figure 13. The telemetry equipment group 1 and 
2‘index pulses a r e  combined in an AND gate with the switch signal and 
the wave analyzer index pulse inhibit and reset  line. 
output toggles the 3 bit wave analyzer flip-flops for equipment group 1 
or  equipment group 2 index pulse operation. 
The AND function 
The binaries a r e  connected in a scale of seven counters. 
Their outputs a r e  converted by seven NAND gates, the commutator 
gating block, to provide the sequential gating signals for the commutator. 
- 
A. Commutating rates: 
1. 
2. 
3. 
5 5 . 5  cps for 64 kbps 
6.9 cps for 8 kbps 
0.87 cps for 1 kbps 
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B. 
C. 
D. 
E. 
Commutator input impedance: 
greater than 22 megohm 
Commutator amplifier gain: 2 output impedance: 
l e s s  than 100 ohms 
Reset & Inhibit signal is -1-6 volts under normal 
operation and 0 volts during inhibit. 
occurs during the negative transition which must 
be 1 microsecond o r  less.  
Reset 
Wave analyzer output amplitude: 0 to t5 volts 
2. 9 IFC Signal, Waveform and Spectrum Gain Control 
The IFC signal, waveform and spectrum gain control 
circuit block diagram i s  shown in Figure 14. 
Each of 3 command lines is isolated f rom primary 
to secondary grounds by a one-shot blocking oscillator (iso-amp). 
The three timing signals of 222, 13.9 and . 8 7  pps a r e  buffered by 
inverters.  The timing signals a r e  divided by two, summed and at- 
tenuated to give an IFC signal consisting of a 2 millivolt squarewave 
step for  each frequency (111, 6 .9  and . 4 3  cps) or  a total of 6 milli- 
volts during the high gain state of the waveform channel. 
the waveform gain to med and low gain, increases the IFC signal amplitude 
one magnitude for each gain step decrease. The preamp has a gain of 
one to the IFC signal. 
content such that an output is detected in all  wave analyzer channels. 
Changes in 
The mixed frequency signal i s  r ich in harmonic 
The waveform and spectrum gain control circuits a r e  
The impulse command signals (relay closure to  pr imary identical. 
28 vdc return) toggle a divide by 3 counter. 
logic states as  a function of gain a r e  as follows: 
The output control signal 
AMP State Hi gain Med gain Lo gain 
Hi gain control 0 0 1 
Med gain control 0 1 1 
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2. 10 Status Words 
Four  analog outputs a r e  provided to indicate the s ta te  
of the control circuitry.  The status outputs a r e  a s  follows: 
A. Waveform Gain - Hi, Med, o r  Lo and 
Spectrum. Gain - Hi, Med, o r  Lo (4 bits). 
B. Bandwidth -2 o r  64 cps and IFC - 
On/Off (2 bits). 
C. Analyzer Frequency ( 3  bits). 
D. Power - On/Off and SCO On/Off ( 2 bits). 
The status words a r e  stable to within f 100 millivolts 
under all environmental conditions. 
2 .11  Power Supply 
The unit contains a power supply to provide those 
voltages necessary  to enable other c i rcu i t ry  to meet i ts  specified 
performance. 
and t20.0 volts. 
The -f. 0. 1% regulated output voltages a r e  -6.0, t6.0 
Figure 15 S ~ G W S  the ci rcui t  block diagram. 
The power supply meets interface requirements includ- 
Maximum input power is 2 watts (70 ma). 
ing generated noise, surge  current  limiting, frequency sxpchroni- 
zation and ground isolation. 
The power supply has  an  efficiency of grea te r  than 60 percent at 1 
watt and g rea t e r  than 67% at 2 watts with a nominal 28 volt inputs. 
The power supply c i rcu i t ry  consists of an input noise 
filter, a pre-regulator  with surge current  limiting, a synchronized 
DC/DC converter capable of free-running at 2461 cps f 5 percent,  
a sync signal amplifier,  and post regulator for  providing the -6.0, 
t6.0 (2), and t20.0 volt outputs. 
The pre-  regulator and converter output and secondary 
voltage outputs from the power supply a r e  available a s  tes t  points on 
the unit test connector. 
The power supply is housed in  an  isolated cavity with 
its inputs brought through a separa te  nine pin connector. 
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2.12 Test  Connector 
A t e s t  connector i s  provided to  enable monitoring of 
the units performance when mounted in  the spacecraft. The signals 
. available on this connector include the following: 
A. All outpsrts to the telemetry including the 
SCO outputs (26 pins) (timing signals a r e  
excluded). 
B. All signals to the preamps (8 pins). 
- -  
C. The three spectrum T. P. Signals 
(3  pins). 
D. Power Supply - 6 . 0  volts +6.0 volts (2), 
23. 5 volts, and converter output (7 pins). 
2. 13 Main Assembly Mechanical Description 
The main assembly envelope conforms to the drawing 
shown in Figure 16. 
electronic blivets together with the connector harness housing to which 
these blivets a r e  attached is Shawn in Figure 17. 
st ructure  is machined f rom AZ31B magnesium tooling plate to provide 
a high strength-to-weight ratio. 
t reated with Dow 7 o r  a r e  gold plated. 
where required for  electrical  bonding and RFI  purposes. 
faces include the mounting base and all mating surfaces between the 
blivets and covers. The major portion of electrical  components a r e  
. packaged into welded cordwood modules using non magnetic Alloy 180 
as the interconnecting material. 
cal tests a r e  coated with PT4121 which i s  a low viscosity epoxy and then 
foamed with a light weight foam material. The modules a r e  inter- 
connected on a modified welded matrix again using Alloy 180 as the 
interconnecting material. Terminals a r e  mounted on each matrix 
assembly for  interconnecting all input and output leads with the con- 
nector on the blivet housing. 
A photo of the main assembly showing the three 
All mechanical 
All magnesium surfaces a r e  either 
The gold plating i s  utilized 
These sur -  
The fabricated modules after electri-  
In order  to facilitate checkout of the magnetometer 
instrument, Figures 18 through 27 a r e  included in this report. 
These figures show the schematics for the waveform blivet, the 
wave analyzer blivet, and the power supply and control blivet. 
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3.0 SPACECRAFT INTERFACES 
3.1 Mechanical Interfaces 
The character is t ics  of all mechanical interfaces a r e  
depicted on figures which a r e  pa r t  of the preceeding test. 
include Figure 3, the thermal  schematic; Figure 5, the sensor pre-  
amplifier envelope drawing; Figure 16, the main electronic assembly 
envelope drawing. 
These 
3.2 Electrical  Interfaces 
The following subparagraphs include figures showing 
A l l  grounds the schematic of each instrument spacecraft interface. 
shown are signal (telemetry) ground. 
3.2.1 P r i m a r y  Power Interface 
Figure 29 shows the schematic of the inter-  
face presented to the t28VDC primary power lines. 
the ser ies  regulator receives the $28 VDC. 
a winding of the power t ransformer used to increase the efficiency of 
the regulator dr iver  t ransis tors .  
f rom signal (telemetry) ground and f rom chassis ground. 
As indicated, 
An auxiliary supply f r o m  
The t 2 8  VDC return is isolated 
3.2.2 Synchronization Signal Interface 
Figure 30 shows the schematic of the inter-  
face presented to the spacecraft  2461 Hz sync signal. The three 
wire  input i s  applied to the pr imary of an isolation transformer.  
This pr imary  is completely isolated f rom all other circuitry within 
the instrument. 
applied to a complementary t ransis tor  amplifier through suitable 
isolation networks. The output of this amplifier is applied to the 
converter for synchronization. 
are obtained f rom the pr imary  power interface circuit. 
The secondary outputs of the t ransformer a r e  
The t23.5 VDC and t23.5 VDC return 
3.2.3 Timing Pulse Interface 
Figure 31 shows the schematic diagram of 
the' interfaces which a r e  presented to the spacecraft timing signal. 
The three frequencies utilized a r e  0.87 pulses per second, 1 3 . 9  pps, 
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4 t6v 
:N3486A 
I Identical to above 
Identical to above i I I: . 
All resistance in ohms + - 5% 1/4W 
2. 
Note: Unless otherwise specified 
All capacitance in microfarads f 10% 
Timing Pulse Interface 
Figure 31 
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and 222 pps. The input circuit to all three of these signals is  identi- 
cal. Each input circuit consists of suitable isolation resistors,  which 
present the proper input impedance, together with an amplifier which 
acts as a buffer to a logic AND circuit. 
signals a r e  referenced to signal or  telemetry ground. 
All of the returns for  these 
3.2.4 Index Pulse Interface 
Figure 32 shows the schematic diagram of 
the Index Pulse interface. 
No. 26 and that f rom group 2 a re  applied through suitable isolation 
resistors into amplifiers which buffer the AND/OR logic circuit which 
follows. 
signal and i ts  complement. 
signals but a r e  those which a re  derived from the spacecraft through 
suitable buffering amplifiers. The index pulse signals a r e  returned 
through the signal ground line. 
As indicated, both the group one index pulse 
The control inputs to  the two AND gates a re  the switch 
These signals a r e  not the spacecraft 
3.2.5 Special Purpose Telemetry Power Command 
Inte r f ac e 
Figure 33 shows the schematic for the inter- 
face to the special purpose telemetry power command. When the 
command i s  in the enable state, the 28 volt input is regulated and 
applied to an oscillator as the supply voltage. 
returned on the 23.5 volt return line. 
coupled and rectified for use as  the instrument control signal which 
is referenced to  signal ground. 
The command input is 
The oscillator is  transformer 
3.2.6 Impulse Command Interface 
Figure 34 shows the schematic of the ci r -  
cuitry which i s  used for  the three spacecraft impulse commands. 
These commands consist of the Waveform Gain Increment Command, 
the Spectrum Gain Increment Command, and the IFC On-Off Command. 
Each of the three input circuits is  identical. The command input is 
filtered to obtain maximum noise rejection and is then applied to a I 
blocking oscillator. All power for  this circuit is derived from the 
t23.5 volt return and signal ground. 
3.2.7 Telemetry Status Signals Interface 
Figure 35 shows the interface circuits for 
the telemetry status signal. The signals utilized a re  the Bit Rate 
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Signal, the Mode Signal, and the Switch Signal. 
Mode and the Switch Signals i s  identical both utilizing isolation resis tors  
to present the proper input impedance, and amplifiers which provide 
the output corresponding to the input signal and also its complement. 
The circuit for the Bit Rate Signal is similar except that i t  utilizes a 
‘complementary symmetry amplifier. All of these signals a r e  returned 
through signal ground. 
The circuitry for the 
3.2.8 Waveform and Wideband Output Interfaces 
Figure 36 shows a schematic diagram of the 
interface circuit for the waveform and wideband output signals. 
six outputs a r e  identical except for the value of output capacitor and 
feedback resis tor  between the waveform outputs and the wideband out- 
puts. These component variations a re  indicated on the interface 
schematic. 
emitter follower driven by a PNP amplifier. 
output i s  a feedback network consisting of R1 and C1, a capacitor C2 
which provides the necessary surge current for the ADHA input capaci- 
tance, and CR4 and CR5 which clamp the output to prevent large out- 
put excursions below signal ground and above plus 6 volts. The high 
open loop gain of the amplifier results in a very low dynamic output 
impedance of this circuit. 
These 
The actual output circuit consists of a complementary 
Also connected to the 
I 
~IOElvTlCAC I TO TH€ ABOVE 
I 
~IDENTICAC I TO THE I I 
c2 /.0/50v I 
ABOV€ 
---_.-- @49.9K//% 1 
1. Resistances in ohrr,s t 5% l / 4 X  
2. Capacitances irr  micrcfarads l o %  
Notes: Ualess otherwise specified 
- 3. 
4. 
Trans is  t c r s 2 142 4 84 / 4 5 ( .P-rLelc.: ' 
Diodes GE DHD 115 (!N4150) 
Waveform and Wide';and Outrut Interfaces 
Figure 36 
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3. 2. 9 Wave Analyzer Output Interface 
Figure 37 shows the schematic diagram of 
the wave analyzer outputs. 
T h e  output circuits are identical to those shown in Figure 36 except 
that the clamping diode to ground is not included due to the fact that the 
input to these circuits is d-c rather than a-c, and w i l l  not cause the 
output to go more than 20 millivolts below ground potential. 
The outputs for a l l  three axes a re  identical. 
3. 2. 10 Special Purpose Telemetry Output Interfaces 
Figure 38 shows a schematic diagram of the 
output circuits f o r  the three signals which a re  utilized by the Special 
Purpose Telemetry. 
SCO frequencies which a re  being passed, these consisting of 30 KHZ 
for the X-Axis, 52. 5 KHZ for the Y-Axis, and 70 KHZ for the Z-Axis. 
The Y and Z axes SCO signals (52. 5 KHZ and 70 KHZ) are summed within 
the output amplifier in order  to conserve one Special Purpose Telemetry 
Output channel. The output circuit consists of a complementary emitter 
follower output stage which is part  of a feedback amplifier. 
amplifiers a r e  very sLmilar to those shown in Figures 36 and 37. As  a 
result of the emit ter  follower output stage, the output impedance of these 
circuits is extremely low. Both output circuits a r e  capacitor coupled 
in order  to remove the d-c component of the signal. 
These output circuits a r e  identical except for 
These 
3. 2. 11 Instrument Status Output Interfaces 
Figure 39 shows a schematic of the output 
circuit for  the four status output lines. Each of these circuits is identical 
with the exception of the wave analyzer output which has a . O l  microfarad 
capacitor rather than a 1. 0 microfarad capacitor across the output. This 
is required due to the relatively high frequency at  which this output changes. 
These capacitors a re  used as hold devices to stabilize the input to the analog 
to digital converter. 
'status lines for  all combinations of the control circuitry within the instrument. 
Figure 40 indicates typical output levels on the four 
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4. 
3. 
2. 
1. 
Notes: 
I IDENTICK TO THE movi 
r--- - 
I 
7' IDEN 
1 
I 
TICfll TO TH€ MOV€ 
Diodes GE DHD115 (1N4150) 
Transistors 2N 2484/46 (Amelco) 
Capacitances in microfarads *1070 
Resistances in ohms *570 1/4w 
Unless otherwise specified. 
Figure 37. Wave Analyzer Outputs Interfaces 
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PI 
x OXIS 
SCO 30K 
3. Diodes GE DHD115 (1N4150) 
2. Capacitances in microfarads *loyo 
1. . Resis tances  in ohms *5yo 1/4w 
Notes:  Unles s  otherwise specif ied 
Figure 38. Special  Purpose T/M.Outputs Interface 
0 7 - 3 1 7  Pbge 80. 
F O W O r l l /  
OFF 6 SCO 
OM/OFF 
STQTUS 
------ 
' t -1DENTlCflC TO THE ABOV€ I I I 1 
3. Transistors 2N2484146 (Amelco) 
2. Capacitances in microfarads '*lo% 
1. 
Notes: Unless otherwise specified 
Resistances in ohms i5'70 1/4w 
Figure 39. Status Outputs Interfaces 
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4.0 CIRCUIT DESCRIPTIONS 
The following paragraphs describe, in detail, circuits which 
were utilized in the OGO-E-16 Search Coil Magnetometer. 
the following: 
They are  
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 * 
22. 
4.1 
Search Coil Sensor 
Preamplifier 
Heater 
400 Hz Notch Filter 
1850 Hz Low Pass  Fil ter 
Waveform Channel Bandpass Control Circuit 
Gain Change Amplifiers 
Output Amplifier 
Wave Analyzer Bandpas s Amplifiers 
Peak Detector 
SCO Low Pass  Filter 
Subcarrie r 0 s cillator (SCO) 
Wave Analyzer Commutator 
Commutator Gating Circuit 
Complementary Flip Flop 
Seven (7) Bit Binary Cowter  
Impulse Command Isolation Amplifier 
SCO Command Detector 
Power Supply Synch Amplifier 
Power Supply Converter 
Power Supply Preregulator (t23. 5v) 
Power Supply Postregulators 
Search Coil Sensor 
In past years, Marshall Laboratories has been actively 
engaged in the field of search coil magnetometer development. P a r t  of 
this work has entailed the design and evaluation of the basic sensor 
itself. 
meter. 
We used this knowledge to design a sensor, the O W - E  Magneto- 
-. 
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where 
The basic sensitivity for  a search coil magnetometer is: 
-7 microvolts (pv) seconds (sec) 
gamma (y) K - 2 n N  A pe x 10 
number of turns 
area in cm 
- N - 
A - 2 - 
effective mu of the sensor - 
- _  pe 
This formula neglects any fringing effects which may take place. 
The parameters N and A are  rather obvious and need no 
further discussion at this point; however, value for the effective mu of 
the core needs further evaluation. In his book, "Ferro Magnetism", 
Bozorth describes the relationship between the real  mu and the effective 
mu of a search coil. On Page 848, 
to effective mu as  a function of the 
If one assumes that the real  mu of the core is  infinity, then the expression 
for the approximate effective mu, is: 
e depicts the relationship of real mu 
ratio of the core of a search coil. 3 
where A =  length of core 
effective core diameter - d - 
Combining the two above equations, leads one to the following result: 
1.6 0.4x 10-7 )LV - sec 
Y 
K e& 2rrN (1.6) 
F rom the above, i t  can be seen that the sensitivity of 
the search coil is a much stronger function of its length rather than of 
i t s  diameter. 
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At first glance, i t  might appear that d should be chosen 
to be a s  large as practical; however, the obvious limitations are  those 
of weight of the core itself and also the winding, On the other hand, d 
cannot be too small since then the effective mu will  become too large 
and the assumption that the real mu is much greater than the effective 
mu wi l l  no longer be a valid one. One would then be operating in a region 
where changes in the real  mu of the core material would drastically affect 
the effective mu and therefore the sensitivity of the sensor. 
an effective mu can cause problems a s  a result of operation in a d-c 
magnetic field which can saturate the core. 
mu of the core were 30,000 and if  it  were placed in the earth's magnetic 
field, one would find approximately 15,000 gauss in the core. This flux 
density w i l l  saturate the types of m,aterials which a re  best for this 
application. Another real  factor involved in the selection of the core 
cross  section is  the availability of material. 
delivery problems can be expected when other than standard material 
i s  requested from a magnetic material manufacturer. 
advantageous to use a standard size and type of material. 
Too large 
For  example, if the effective 
Experience has shown that 
It i s  thus extremely 
Based upon the above considerations, Marshall Laboratories 
fabricated the core from 4 mil laminations 1/8"  wide of Round HyMu 80 
with a build up of one eighth of an inch. This core geometry provided 
an effective mu of approximately 1600. This value i s  conservative from 
the standpoint of variations of real mu because the effective mu of the 
material i s  as  large a s  24,000. 
The location of the windings on the cores i s  important 
from the consideration of fringing fields. 
sensitivity of one winding of 12,500 turns a s  a function of i ts  location 
along the core. Any winding mounted near the end of the core will  have 
i ts  sensitivity reduced by more than 50% as  a result of fringing effects. 
F o r  OGO-E, the windings a re  placed within one inch of the center of the 
core. 
Figure 41 shows the measured '' 
The parameters which remain to be determined now are  
the number of turns to be placed upon the coils and the winding methods 
used. Both of these parameters are  dictated, to a large degree, by the 
required resonant frequency of the sensor. There is also a strong inter- 
relation between the number of turns (therefore the core inductance) and 
the signal to noise ratio of the sensor preamp combination. 
The winding techniques used a re  important in that they 
affect the winding capacity and therefore the resonant frequency of the 
sensor. The windings used for this system consists of 100,000 turns 
of No. 47 wire which a re  wound upon 2 equal sized sections each with 
a width of approximately 1.0" and containing 50,000 turns of wire each. 
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1.3 
1. 2 
1. 1 
1.0 
0.9 
0. 8 - 
0. 7 
0. 6 
0. 5 
0 . 4  
0. 3 
0. 2 
0.1 
0 
4 c  
-- -- 
0 1 2 3 4 5 6 I DISTANCE IN INCHES, CORE CENTER TO COIL CENTER 
ci CORE LENGTH = 10.5 INCHES 
I 
Figure 41. Effect of Fringing Fields 
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Each of three search coil sensors has the following 
characteristics: 
a. Sensitivity: 10 w/y /Hz  
b. D-C Resistance: 50K ohms 
C. Inductance: 1600 Henries 
d. Capacitance : 30 Picofarads 
e. 
f. Damping: ’ Critical 
Resonant Frequency: 67 0 cps - -  
The sensor equivalent is shown in Figure 41. 
4. 2 Preamplifier 
The preamplifier (Figure 42) consists of cascade amplifier, 
Q1 and Q2, driving a matched differential amplifier, Q3, which drives 
differential amplifier Q4 and Q5. 
vided by R16 in the collector circuit of Q6. 
Out@ short circuit protection is pro- 
4 
The open loop gain of the preamplifier is about 10 , and 
the closed loop low frequency gain is 100, determined by the ratio of 
R5, and R12. Capacitor C3, shunting R12, limits the high frequency 
response by increasing the feedback at  higher frequencies resulting 
in decreased gain. The -3db break point occurs at about 3.6 KC. 
The bias point of the field effect transistors Q1 and Q2 
is determined by resistors R1 through R6. 
R4, and R6, a quiescent drain current is set  such that the cascade 
amplifier exhibits a near zero temperature coefficient over the operating 
range of -5OOC to +4OoC. The thermal stability of the cascade amplifier 
in conjunction with the inherent stability of the differential amplifier 
ensures bias point stability over the entire operating temperature range 
of -50’6 to +60°C. 
By proper selection of R3, 
Capacitors C1 and C.2 provide power supply decoupling . 
Resistors improving the low noise characteristic of the preamplifier. 
R13 and R5 form a 1OO:l voltage divider for the injection of the in-flight 
calibration signals provided by the main electronics assembly. 

6 7  -91.7 
_ _  
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The preamplifier characteristics a re  a s  follows: 
9 Input Im pe dance 2 10 ohms 
shunted by 10 picofarads 
2 Output Impedance < 10 ohms 
Frequency Response 
0 utput Voltage 
D-C to 3600 Hs (-3db) 
1 volt RMS into 50K ohm 
Gain 
Noise 
- _  100 k 1 
a) 
b) 
< 1 microvolt RMS from 0.01 Hz to 1 Hz 
<O.  01 microvolt squared per Hz from 
5 Hz to 1 K Hz 
Ope rating Tempe r a t ur e =50°C to +6OoC 
4. 3 Preamplifier Heater Circuit 
The preamplifier proportional heater was doesigned to  
ensure the proper operation of the preamplifier below +15 C. Figure 43 
shows the schematic diagram of the proportional heater, 
Q1 and Q2 form a differential amplifier with fixed bias resistors R1, R2, 
and R3. 
work consisting of R5, R6, and RT1. 
coefficient. 
RT1 increases which increases the bias voltage and turns Q2 on. 
Q2 is turned on, the voltage across R4 decreases which turns Q3 on. The 
maximum power, determined by the collector resistors of Q3 (R7 and R8), 
is approximately 125 milliwatts. 
Transistors 
Transistor Q2 is controlled by a temperature sensitive bias net- 
RT1 has a n2gative temperature 
When the temperature goes below +15 C ,  the resistance of 
When 
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+zo v 
Figure 43. Preamplifier Heater Circuit 
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4. 4 . 400 Hz Notch Filter 
The function of this circuit is to attenuate 400Hz signal 
(Spacecraft Power Sync Frequency) component and pass with unity gain 
all other signals. 
Figure 44 shows a schematic of the circuit. 
Figure 45 shows a simplified equivalent circuit. In 
Figure 45 the input signal ein passes through the symmetric parallel-T 
network (G) into a high gain amplifier (A) which is used as a follower, 
through the resistor attenuator network R1 -R2 and back to the network G. 
The transfer function is derived as follows: 
First consider the following - 
-- - 
A is the gain of the differential amplifier 
v = A  (va - vb) 
C 
thus eo = A (e2 - eo) 
eo = A  e2 - 
A e2 = eo + A eo = eo (1 t A) 
A eo 
A 
r 
1 I. 
.. - Page 91 
GRD ELECTRONIC SCHEMATIC 
v) 
(Rer'ererce W4512-1 )  
C5 = 470 pf 
6 6  = 1000 pf 
R1 = R2= R3 = R4= 332K f 1% 
R5 = Select 
R6 = R7 = 40.2K 
R8 = 16.9K 
R9 = 10 Meg 
R10 = 510 8 
R11 = 1K 
R12 = 47K 
R13 = R14 = 200 52 
R15 = 4998 
R16 = 10K 
Figure 44. 400 Hz Notch Fi l ter  Schematic 
1 
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1 -  2 
‘“G” 
3 
I 
b -- - 
1 i 
Figure 45. 
2G 
- 
I 
3 
400 Hz Notch Filter Equivalent Circuit 
2 
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Now consider the K network 
Now consider the parallel T network 
e3  R1 t R 2  0 
R1 
Let Ko = R1 t R2 
then l e 3 =  Koeo I - - - - (2) 
e I'  - e2 - e 3  
e '  e1 - e3  andletG = - - 
.Substitute equations 1 ,  2, and 3 in the expression for G, which yields: 
e 
e yields: 
0 Solving for - 
in 
(4) - - - - - - - - - - - - - -  
in 
G 
The transfer function for G as  given in "Feedback Control System Analysis 
and Synthesis I f  by D 'AZZO -I- Houpis (page 577) is: 
2 2  
2 2 2  
1 - 3 R  C 
1 - U ,  R C t j 4 R C w  
G =  
which reduces to: 
Substituting equation 5 into 4 yields: 
eo 1 - T7'S2 
e. in 
- =  
1 + (I-K~) K~ T~ s - T?' 
K2 the form of A = + s  T2 
and A >>1,  T 2 c T 7' thencl(+O 
a 
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1 - T72 S2 
Closed Loop Gain = 
1 i- K2 T7 S - T72 S2 
then: 
4 6 )  - - - - - - - -  
e 1 - T7' S2 
e 
- -  
2 2  
- Closed LoopGain = 
in 1 i- (1 - K 0 ) K1T7S - T7 S 
for  values used: 
T7 = RC = (332K) (1200 pf) 
5 = -3.32 x 10 x 1.2 x = 3.98 x 
= 398 psec. 
T7 
T7 
= 400 Hz 1 - 0.1592 
f l  = 2nRC 398 psec. 
K1 = 4 
Ko - R1 R - 10K+ 499 'OK = 0.953 - 
R - 
2 
K2 = (1 i- KO) K1 = (1 - 0.953) (4) = 0. 188 
From "Feedback Control Systems Analysis and Synthesis", page 294 
6 = 0.094 db peak = 14 db 
Page 96 
! / \  / denominator vieids -. 
The numerator yields - - I: I-,-----, 
- a d b  
Yielding: 
Ideally, attenuation at 400 Hz = - a. 
but practical attentuation 20 db. 
400 Hz 
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Figure 46 is a plot of measured test data of the 400 Hz Notch Filter 
Frequency Response. 
characteristic for the 400 Hz filter, a computer derived frequency 
response w a s  run. The results a r e  tabulated below, for 
K2 = . 188, T7 = . 398 x 
Using equation No. 6,  page 96 , as the transfer 
and S = j W .  
.400HZ 9 : 0 8  LA SYSM 3/05/68 
OGO E 16 S E A R C H  COIL 
400 HZ NOTCH F I L T E R  
T H E O R E T I C A L  FREQUENCY R E S P O N S E  
ROBERT J N A H A B I T  
F R E Q U E N C Y  
' 1  
2 
5 
10 
20 
50 
-1 00 
20# 
300 
3 50 
364.03 
3 90 
395 
397 
399 
400 
40 1 
463 
40 5 
410 
439.28 
1 450 
500 . 
700 
1000 
1850 
2461. 
3000 
NOTCH G A I N  
1 
1 
1 
t 
I 
d9997 
9987 
a9922 
e9517 ' 
08179 
e7074 
e2574 
1297 
80768 
00236 
8803 
e0296 
00822 
e134 
02568 
7075 
783 
09229 
e9875 
0996 
e9991 
e9995 
,89997 
OB 
0 
0 
- 0  
0 
0 .  
0 
0.01 
0.07 
- 0  43 
- 1  a 74,. 
-3 
-11.77 
-17.71 
-22 2.5 
-32 49 
-50.35 
-30 54 
-21.67 
-17.94 
-11.79 
-3  
-2.12 
-e7 
0.11 
0.03 
-001 
0 
0 
0 
I 
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Figure 46. 400 Hz Filter Measured Frequency Response 
1 do0 
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4.5 1850 Hz Low Pass  Fil ter 
Figure 47 illustrates the detailed schematic diagram of 
the 1850 Hz Low Pass Filter. 
circuit. 
into a unity gain amplifier (A) which is used as a follower. 
of the amplifier is fed back into the filter network via C1, 
function is described a s  follows: 
Figure 48 is a simplified equivalent 
In Figure 48 the input ein passes through the RC filter network 
The output 
The transfer 
Assume the input impedance of A is infinite, the output 
impedance = 0. 
V1 (2G + SC1) + eZ (-G) = el. G + eo SC1 
VI (-G ) + e2 (G t SCz) = 0 
(2G t SC1) (0) - ( -G) (el G + eo SCl)  
e2 - (2G + SC1) (G + SC2) - (-G) (-G) 
But eZ = e  thus 
e =  
0 '  
G2 + eo sc1 G 
' 2  
G2 + 2SCzG + SCIG + S C I C i  . . o  
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C1 = 3000 pf 
C2 = 750 pf 
R1 = R2 = 57.6K 
R3 = R5 = 30K 
R4 = 1.5 meg 
Ql = FM 2484 
Q2 = ML 20001 
Figure 47. 
1850 Hz Low Pass Filter Schematic 
Page 101 
e 
0 m I n - I  
G1 = 3000 pf 
C2 = 750 pf 
R1 = R2 = 57.6K 
Figure 48. 
Equivalent Circuit of 1850 Hz Low Pass Filter 
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1 
1 t 2SC2R t S2 C 1  C 2  R2 
e 
el 
0 -= 
1 
2 2  1 t (2C2R) S t (C1 C 2  R 1 s 
G =  
W e  want this in  the form 
2 2  1 .t K1 T1  S t T1 S 
1 t 2 5  T1 S + T12 S2 
thus 25 T1 = 2C2R 
T 2 = G  C R 2 
1 1 2  
=1 = \ I C 1  C 2  R2 
2ST1 = K  T = 2 C 2 R  1 1  
2C2 R - 2C2R - 
T1 
K1 - 
1 1 1 G =  1 t K1 T I S t  T l L S 2  
I I 
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3000 pf R = 57.6K 
750 pf 
[-) = 1 00pf 
(1,500 pf) (57.6K) = (1.5) (57.6) ( lo3)  
86.4 x - 
T1 - .  
3 - .1591 - 159' lXlo = 1,850 KHZ 
6 -  86.4 86.4 x 10 f l  
K1 = 1.01  
from Feedback Control System Analysis and Synthesis, page 294, the 
overshoot is 1.25 db. 
I 
1 
overshoot = 1.25 db 
I '\,\ -12 db/octave rolloff 
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gain of the . . . . . . . . . (1) 
1 + T 1  S + T 1 2 S 2  
-6  WhereT1 = 8 6 . 3 ~  10 seconds. 
Equation 1 is the transfer equation shown in Figure 8, page 16, to 
describe the characteristics of this filter. 
is a computer print out of the Theoretical Frequency Response based on 
Equation 1. 
The tabulation listed below 
The result is also plotted out on page 106,  Figure 49. 
1850 10:28 LA SYSM 3/05/68 
OGO E 16 SEARCH COXL 
1850 HZ LOW PASS FILTER 
T HEORET I CAL FREQUENCY RESPONSE 
1 
ROBERT J NAHABIT 
MARSHALL LABS 
FREQUENCY 
1 
2 
5 
10 
20 
- 50 
100 
200 
400 
500 
700 
800 
1000 
I I00 
1200 
1300. 
1500 
1800 
1850 
2000 
2461 
3000 
4000 
5000 
7500 
E O U T I E  I N  
1 
1 
1. 
1 
1.0001 
100084 
1.0015 
1 a0059 
I .@e32 
1.0359 
1.068 
1.0864 
I 0 1234 
1.139 
1.1502 
1.1547 
1.1351 
1.0234 
09968 * 
e9102 
0 6468 
432 I 
a233 
0 1448 
00623 
t5 
0 
-5 
-10 
-15 
P 
5 
c7 
.d 
-20 
8 
-25 
Frequency, KHz . 
Figure 49. 
1850 Hz Low Pass Filter Theoretical 
Frequency Response 
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. 
4.6 Waveform Channel Bandpass Control Circuit  
The output signal of the 1850 Hz Low P a s s  F i l te r  is 
applied to the input of the f i r s t  bandpass control circuit .  
switch controlled by the Bandpass Control signal. With Q1, non-conducting, 
the high frequency cutoff point is determined by R1 C1 (nominally 60 Hz). 
With Q1 conducting, C2 is placed in paral le l  with C1 and the cutoff frequency 
is reduced to about 1 Hz. 
a r e  employed to provide 12 db/octave rolloff character is t ics .  
is a schematic of one of the bandpass fi l ter  networks. 
Q1 is a static 
Two of these controlled bandpass f i l ter  networks 
Figure 50 
- _  
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Figure 50. Waveform Channel Eandpass Control Circuit 
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4. 7 Gain Change Amplifiers 
Figure 51 is a detailed schematic diagram of the 
Figure 52 is a simplified Gain Change Amplifiers. 
equivalent circuit. 
sistors used in a differential amplifier circuit to optimize the thermal 
stability of the bias current. 
equalize the drain currents in Ql. 
2.5 and drives differential amplifier Q3 and Q4. 
for matched characteristics for maximum bias point temperature 
stability. Isolation 
amplifier Q5 is operated in  the emitter follower mode and has essentially 
unity gain. The open loop gain, being the product of the gains of the 
individual stages, is nominally 103. Closed loop gain is determined 
by the ratio of R11 to the parallel combination of R7 and R8 when 
control transistor Q2 i s  Itoff", and by the ratio of R11 to the parallel 
combination of R7, R8, R9, and R1,O when the control transistor Q2 
is rcon" .
frequency oscillations inherent in  high gain amplifiers. The gain 
change amplifier is characterized by a very high input impedance, 
low output impedance, s tab le  gain change, and very good gain stability 
over the temperature range of -15oC to t6OoC, 
Ql  is a matched pair of N-channel field effect tran- 
Resistors R4 and R5 a r e  selected to 
Q3 and Q4 a r e  selected 
Q1 has a nominal voltage gain of 
The voltage gain of Q3 and Q4 is nominally 400. 
R14, C1, R15, and C2 form a filter network that prevents high 
Refer to Figure 52. The ga in is  determined 
by the feedback resistors R11 and the parallel combination of R7 through 
R10. 
In the Low Gain State, S1 is opened which 
removes R9 I /  R10 thus the gain is given by: 
R11 
GainLow = I +  R7 *g R10 
Typical values are:  
R11 = 40.2K 
R7 ll R8 = 100.5K 
R9 II R10 = 3.17K 
- 40*2K = 1 -k 0.4 = 1.4 - 100.5K GainLow 
I = 1-4 I GainLow 
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Gain Change Amp 
( reference W4 3 16) 
c1 = 120pf  
c2 = 1000 pf 
Ql = SU2066 
Q 2  = GT5968 
Q3 = Q4 = SM9139H 
Q5 = 2N2484146 
R1 = 
R2 = 
R4 = 
R11 = 
R10 = 
R12 = 
R14 = 
R15 = 
R17 = 
R18 = 
R8 = 
22 Meg 
R3 = 47.5K 
R5, R6, R7, R9, R13, R16 = Select  
40. 2K 
3.24K 
25.5K 
1 OK 
1K 
39 K 
4.64K 
lOOK 
Figure 51 
Gain Change and Fixed Gain Amplifier Schematic 
'bas o----. 
t 2.5v 
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I R11 
Note: R7 and R9 are Gain Tr im 
Res is tors .  
Figure ' 5 2 
Simplified Equivalent Circuit of the Gain Change Amplifier 
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In the high gain state, S1 is closed which places R9  
parallel with the parallel combination of R7 and R8. 
pression for high gain is: 
R10 in 
Thus the ex- 
R11 
?,R7 11 R8 I I  R9 li RlOj = 1 t  GHigh 
Let the parallel combination of R7 through R10 = RT 
'Z 3.08K 1 - R T -  1 t l t l t l  
= 14.0 I GHigh 1 L 
Note that transistor Q2 in Figure 51 is  
used as S1 to change the gains. 
6 7 - 3 1 ;  
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4. 8 Output Amplifier 
Figure 53 depicts the output amplifier configuration 
a s  used in the Waveform Channels. 
also sets the output resting level through resistors R4 and R5, to 
t 2 . 5 ~  f 0. 02v. 
the Wave Analyzer and Wideband Channels, the 4-2. 5v bias point is tied 
to ground and the resting level will be 0 f 20 millivolts. The operation 
of Ql ,  Q2, and Q3 i s  identical to that of the gain change amplifier. The 
output stage, Q4, Q5, utilizes a complementary push-pull circuit to 
minimize the quiescent bias current yet provides relatively high power 
output. Diodes CR1 and CR2 establish the bias point for Q4 and Q5. 
Diodes CR4 and CR5 limit the output voltage swing to +6. 5 and -0. 5v. 
CR3 protects the base-emitter junction of Q4 against large signal 
excursions. Capacitor C1 limits the high frequency response for 
amplifier stability. The function of capacitor CZ i s  to decrease the 
output impedance of the amplifier at  high frequencies in o r  d e r  to increase 
the response to load transient. 
appears as  a transient load with some capacity. To minimize telemetry 
e r ro r ,  this external capacity must be charged or discharged to the same 
voltage as  that of the amplifier within a specified period of time. 
increases the transient load response of the amplifier to satisfy this 
requirement. 
The t 2 . 5 ~  supply that biases Q1 
When this amplifier is used a s  the output stage for 
’ 
The spacecraft telemetry commutator 
C2 
+ R9 
ELWW IC SCHEMATIC 
(Ref e r enc e W43 17) 
c 1  = 220 pf 
c2 = . 3 9  pf 
R1 = R2 = 47.8K 
R3 = 22.1K 
R4 = 39.2K 
.R5 = 10K 
R6, R7 = select 
R8 = 22 meg 
R9 = 49.9K 
R10 = 82K 
R11 = 3.6K 
R12 = 1.8K 
Q1 = SU2066 
Q2 = Q 3  = Q5 =SM9139H 
Q 4  = 2N2484146 
Figure 5 3  
.Output Amplif ier  Schematic 
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4.9 Wave Analyzer Bandpass Amplifier 
The Wave Analyzer consists of seven bandpass 
amplifiers per axis. 
of the capacitors C1, C2, C4 and C5 used to set the center frequencies. 
A detailed schematic diagram of the bandpass amplifier is shown 
i n  Figure 54. 
The bandpass amplifiers differ only in  the value 
Figure 55 is a simplified equivalent circuit diagram. 
The bandpass amplifier consists of a D-C coupled 
negative feedback amplifier with a bridge T filter i n  the feedback loop. 
The input coupling network, consisting of C1, R1, C2 and the amplifier 
input impedance is parallel with R3, provide a low Q bandpass filter. 
At the resonant frequency of the feedback network, negative feedback 
is a minimum, that is, the amplifier gain st at maximum and the desired 
bandpass frequency is achieved. 
- -  
For  Filter No. 1,: 
ein e2 
where 
V5 (G + SC) + e2 (-SC) = G ein 
V5 ( - SC) + e2 (KG + 2 SC) = 0 
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c1 = c 2  = c 4  =c5 = 0.22 pf (10 Hz) 
0.1 pf (22 Hz) 
0.047 pf (47 Hz) 
0.022 pf (100 Hz) 
0.01 pf (216 Hz) 
0.0039 pf (467 Hz) 
0.0022 pf (1000 Hz) 
- 
- 
- 
- 
- - 
- 
c3 = 1000 pf 
R1 = 261 K 
R3 = 20.5 K 
R4 '= 806 K 
R5 = 6.65 K 
R6 = 200K 
R7 = 100K 
R8 = 430 K 
R9 = 47 K 
Q1',= Q2 = Q3 = FM 2484 
Q4 = ML 20001 
Figure 54 
Bandpass Amplifier Schematic 
4 
I - Filter No. 1 - I- --- r4: -  - - -.- 4 
R4 
-v =0 
--I 
I 
Figure 55 
Bandpass Amplifier Equivalent Circuit 
- 0 - (-SC) (G ein) 
eZ - (G t SC) (KG t 2SC) - (-SC) ( -SC) 
- e2 - SCG 
e. KG‘ t 2 SGC t SKGC t s 2 2  c in 
e2 - SCR - -  
e. in K t 2SCR t SKCR t S2’Cz R2 
e2 
e. in 
- RC 
K 
let To - -  
3.57 - 
2 t K  - 2 t 12.7 - 1 4 . 7  
- 3‘ 57 - -  -?ET- -F 
= 4.15  
(2) ----- - 0 .28  To S Gain of 1st Filter - 
1 t 4 .15  T o S  t To2 S2 
m 
for 100 Hz: 
- RC - (261K) (0.022~) 
V J  3.57 - 0 T 
1.61 milliseconds - 
TO 
- -  
- 1 - . 1 6  160 = 100Hz m - T - - ~ = ~  
0 
. fO 
From equation 1 the denominator is: 
1 + 4 .15  T S + To2 S2 
0 
factoring revea l s  roots of 3.82 and 0.365 
Thus equation 1 becomes 
e2  - 0 .28  To  S - -  
e. ( 1  t 3.82 T S) (1 + 0.365 ToS in 0 
- - 1  - 
2n To 0 
let f 
- 2.74 f 0 
- 1 - f0 
- r- fa 2n To (0 .365)  
== 274 Hz 
= 0,262 fo 
.= 26.2  Hz 
- fo - 1 - fb 2n To (3.82) 3.82 
6 7 - 9 1 7  
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Which plots thus: 
D O  db/decade 
-11 d k  
fb  
db = 20 Log 0.28 = 1 1  db 
fo 
2b.2 Hz 100 Hz 474 Hz 
u - 9 1 7  
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For Filter No. 2 and A 
2 e 
e out 
G 
Assume A + infinity 
2 
then e + e  3 
eout = eout 
=2 
gain = -
3 e 
V4 (KG t 2SC) t e3 (-SC) = eo SC 
V4 (- SC) t e3  (G t SC) = eo G 
121 
Note that e, i s  the independent 
variable since it has a very 
low source impedance (i. e. 
the output Z of the amplifier) 
while e3 has a very high load Z. 
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e3 
1 (KG t 2SC) (eo SC) - (eo G) 
(KG t 2SC) (-SC) 
(- SC) (G t SC) 
- (KG t 2SC) (G) - (-SC) ( SC) - =3 - 
e (KG t 2%) (G t SC) - (-SC) (-SC) 
0 
- e3 - 
e 
0 
2 
- -  e3 - 1 t m  T o S t  To2  S2 
A 
2 t K  T,S t To2S2 =0 'F
for 100 Hz filter 
= 1.61 msec - RC - (806K) (. 022 p) - 
11 I/-K 0 
T 
- 1 - 0.16 - 160 = 100 Hz 1.61 0 2n To 1.61 ms f 
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0.182 - 2 - 2 11fi 
- 2 t 121 - 123 - - -7 = 1 1 . 2  w- 11  2 t K  
e 3  1 t (0 .182)  T o S  t To 2 S 2  - =  
e 
0 1 t (11 .2 )  ToS t To2 S 
e 
0 -  but gain = -
=3  
Gain of - 
filter 1 No. 2 1 t 11.2 ToS t To%' 1 t 0 .182  ToS t To2 S2  
2 factoring the numerator 1 t 1 1 . 2  X t 1 X yields roots of 1 1  and 0 .1 .  
( 1  t 1 1  ToS) (1  t 0 . 1  ToS) 
1 t (0 .182)  ToS t To S 
Gain = 
thus: 
1 
fo = rn 
fo 
fc (Zrr To) 1 1  - 1 1  - - = .091  fO Y 9 . 1  HZ 
1 - 
- 1 fo = 10 fo = 1 K H z  fd - @  nTo) 0 .  I = m  
&7:917 
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Thus : 
9.1 Hz 100 Hz 1 KHz 
i I 
1 Yields these two curves: 
1 t 0.182 ToS + To’ S2 
i 
db 
i 
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k , 7 . - 9 t  7 
2 & =  0 .182  
andsynthesis", page 294 = 0.10 ,  db = t14. Thus the total effect 
of Filter No. 2 is: 
$= 0.091, from "FeedbackControl Systems Analysis 
Which yields an 
overall effect of 
the circuit thus: 
4 tu 
9 
tu 
0; 
I i 
, 
I 
1 
i 1 
I 
I 
i 
I 
I 
i 1 
i 
i 
i 
E 
0 
0 
4 
I 
I 
I 
i 
f 
I 
z 
3 
tu 
I 
20 db 
I 
d 
- t 1 2  db . - - 
40 db /decade 
3 
0 
0 
0 
?-I 
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The overall gain at fo equals the gain of Filter No. 1 plus the 
gain of Filter No. 2. 
Gain = (-11 db - 11 db) t (t14 db t 20 db) = t12 db 
12 db = 3.9811 or 4.0. 
Thus the overall gain of the bandpass Filter at  fo  = 4.0. 
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4.10 Peak Detector 
Figure 56 is a detailed schematic of the peakdetector. 
Figure 56 is a simplified schematic. 
(ei ) is AC coupled to R3 and the input 1 of Amplifier A. CR1 serves 
to k n i t  the peak value of this signal to *3. 2 volts p-p. 
Amplifier A causes point 2 to "follow I '  positive value only (because of 
CR2) of signal a t  point 1. 
that serve to hold the peak positive output value of the amplifier. T 
In Figure 57 an input signal 
(4-2.6V i- V diode). 
6 2  and R7 form a large time constant network 
037,  C2) 10 seconds. 
The D.C. characteristics of the peak detector is as shown. 
/ e 
/ out 
/ 
Ideal ,'*% 
slope = 1.0 
detector / 
0 J/' 
*A 
b 
e in' 
The value of the offset voltages EA is given by: 
- 'on (CR2) 
*OL EA - 
Peak volts 
Where A - open loop voltage gain of amplifier A. OL- 
The slope thereafter is 1 - - A with open loop gain A). 
than 1,000 
( i. e. the closed, kain of a follower amplifier 
The open loop gain A can be considered larger 
thus EA is less then looo 6 mv = 0.6 mv 
and the linearity of the output to input signal is better then 0.1%. 
6 7  - 9 1  7 
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S @ M O .  
(Reference W4298) 
C1 = select (1.0 pf, 3.3 pf) R1, R2 =se lec t  
c2 E.47 pf R3 =56K 
Q1 =SI32066 
Q2 = Q 3  =SM9139H 
R4 = R5 = 73.2K 
R6 = 76.8K 
R7 = 22 meg 
R8 = 15K 
R9 = 62K 
Figure 56 
Peak Detector Schematic Diagram 
6 7 - 9 1  7 
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-t 2 .6  VDC 
, 
Figure 57 
Simplified Detector Circuit 
e out 
4.11 SCO LOW Pass Filter 
e. in 
Figure 58 is a detailed schematic diagram of the SCO 
Low Pass  Filter. 
is useful in the description of the circuit. 
through the RC fi l ter  network into a unity gain amplifier (A) which 
is used as  a follower. 
the filter network via C1. 
follows : 
Figure 59 is a simplified equivalent circuit, which 
The input (ein) passes 
The output of the amplifier is fedback into 
The transfer function is described as  
Assume the input impedance of A = Infinity 
the output impedznce of A = Zero. 
G1 v1 p ' G2 
0 Y '  Y 0 e2 
ein = el  
v 1  (G1 t G2 t G3 t SC) t e2 (-G2) = el G1 t eo sc 
V1 ( -G2 ) t e2 (G2 t SC) = 0 
e G G t eo SC G2 - 1   1 2  
eo G2 G1 t G2,G3 t SCG2 t 'SCGl  t SCG2 t SCG3 t S2Cz' 
G2 ' G2 G 3  t SCGl t SCGZ t SCG3 + S 2 2  C ) = e lGlG2 
eo ( 1 
eo - % G2 - 
el G2 G2 G3 SG (t 1 + G2 + G3)  -I- 
- -  
L Ct 
R1 R3 
6 7  - 9 1 7  
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t 6 V  
Q1 
CR1 
-6V 
(Reference W43 12) 
C1 = C 2  = .0047 pf 
R1 = lOOK 
R2 = 53.6K 
R3  = 34.OK 
R 4  = 33K 
Q1 = 2N2484147 
Figure 58 
SCO LOW PASS FILTER SCHEMATIC DIAGRAM 
R1 
=Q-wvv- in 
6 7 - 9 7  ;7 
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7- 
-------I- 
c1 
k2 
Figure 59 
SIMPLIFIED EQUIVALENT CIRCUIT 
SCO LOW PASS FILTER 
- eo 
Page 132 
This is in the form of 
=o - A1 - -  
e l  1 i. KITIS + (T1)' Sz 
- _  
R~ = ~ O O K ,  ~i = 1 x 
R2 = 34K, G2 = 2.96 log5  
R3 = 53.6K, G3 = 1.82 
C = .0047p C = 47 x lom1' 
1 
1 t 1.82 
- 1 - - G1 G2 - 
7
A1 G1 G 2 t G 2 G 3  1 + G3 
1 5 
1 -  =0.35ZO.34 1 - - 1 t 1.82 2.82 
A1 = .34 
A c. 
I 
=1 2.82 10- 
r 
T1 =C-h12 .05X lo8  = ( C )  (3.47) 10 4 
T1 = (.0047) (3.47) l o w 6  lo4  = (47) (3.47) loo6 
Ti = 163 X loo6 = 0.163 X loo3 
3 = . 98X 10 1 KHz - .1592 - 1 f =  
2n T 1 .163 10-3 
I ' 1 t 2.96 t 1.82 \ 1 X 2.96 t 2.96 X 1.82X lo-' = (. 0047) (loo6) X 
- .0047 (10-l) 5.78 
K1 - =1 12.96) t (5.4) 
5.78 x -  
K1 - -000162 8.4 
- ,00047 
- 47 5.78 
162 8.4 
K1 - -X - = 2  
2 =K1, 5 = 1  
Where AI = 0.34 
K1 = 2 
T = 163 X loo6 sec. 
1 
Equation 1 is the transfer equation shown in Figure 10, page 21, to 
describe the characteristics of this filter. The tabulation listed on 
page 135 is a computer print-out of the Theoretical Frequency Response 
based on Equation 1. 
on page 136 Figure 60. 
The result is also plotted out in graph form 
E t 
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SCOLP 16214 L A  SYSM 3/05/68 
OGO E 16 SEGRCH COIL 
S C O  LOM P A S S  FILTEi? 
THEORETICAL FREQUENCY RESPONSE 
ROBERT J NAHABST 
MARSHALL LABS 
FREQUENCY 
1 
2 
5 
10 
20 
50 
100 
2caB 
400 
500 
700 
800 
1000 
1100 
1200 
1300 
1500 
1800 
1850 
2000 
2461 
3000 
4000 
5000 
7 500 
E OUT/E I N  
034 
a 34 
a34 
034 
a 3399 
-3391 
* 3369 
3263 
0291 I 
e2694 
a2246 
a2034 
1659 
1438 
01354 
01226 
3032 
00773 
00741 
a0654 
00462 
00326 
a0191 
a0125 
e0057 
DB GAIN 
09.36 
-9.36 
-9.36 
-9.36 
09.36 
-9.38 
-9. 4s 
-9.71 
-10.7 
-11.38 
-12.95 
-13.81 
- 1  5. 58 
-16.46 
-17.34 
-18.2 
-19.87 
-22 . 2 
-22 . 57 
4 3 . 6 5  
-26.66 
-29.7 
-34.32 
-38.01 
-44.87 
b 7  -91.7 
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FREQUENCY, HZ 
FIGURE 40 
SCO LOW PASS FILTER 
THEORETICAL FREQUENCY RESPONSE 
6 7 - 9 1 7  
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4. 12 Subcarrier Oscillator (SCO) 
Figure 61 is a complete schematic of the SCO. Figure 
62 is a simplified schematic of the SCO. 
a f ree  running multivibrator composed of switching transistors Q1 
and Q2, current sources I and I and timing capacitors C1 and CZ. 
Figure 63 is a timing diagram showing the voltage waveform within the 
harmonics filtered and rejected by a wideband telemetry filter. The 
frequency of the output signal is dependent upon T 
I an61 a re  both 
made to vary simultaneously about their quiescen andlZ; va ! ue by i n  amount turn a re  dependent upon current sources I 
proportional to the instantaneous value of the input signal voltzge. Thus, 
the frequency of the output varies about its quiescent value (center 
frequency) by an amount proportional to  the instantaneous value of the 
input signal voltage. Bias current stability of Q3 and Q4 is provided 
by the complementary emitter follower Q5. 
emitter junctions of Q3 and Q4 with temperature will be cancelled by 
the opposing change in the base-emitter junction of Q5. Q5 also sets 
the bias current in Q3 and Q4. Diode CR2 provides isolation between 
the SCO and output amplifier Q6. 
The output of Q6 drives a wideband telemetry bandpass filter referred 
to above. 
via CR1. 
The SCO consists basically of 
1 2' 
and T which in 
The variations in the base- 
CR3 serves to stabilize the bias of Q6. 
The SCO is turned off by clamping the base of Ql to +6 volts 
2 Current Sources I and I 1 
Frequency stability is also dependent upon the d-c stability 
of I1 and I 
The quiescence (d-c) value of I1 is given by: 
Figure 64 i s  a schematic of the I1 and I current sources. 2' 2 
Center frequency is trimmed by adding two resistors in ser ies  with R8 and R9. 
I 
- c  
I - -  - c  
and * 'Q3 Base AHfe - -  'Q3 Base Hfe! 
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c1 
c 2  
c4 
Q1 
Q3 
Q5 
R1 
(Reference W43 13) 
= select R2 = 68K 
= C3 = select R3 = 90.9K 
= 10,000 pf R 4  = Select 
= Q2 = 2N3486AML2 R7 = R10 =6.8K 
= Q4 = 2N2484/46 R8 = R9 = R13 =30.1K 
= Q6 = SM9139H R11 = 220K 
= R5 = R6 = lOOK R12 =R15 = 10K 
R14 = 4.42K 
Figure 61.. SCO Schematic Diagram 
R1 ‘ 
e in 0-- 
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Figure 62 
Simplified SCO Schematic Diagram 
e 
0 
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. .  
t 6 V  
(+ V I )  
Q1 on; QZ off-.. __ 
T = R  c 
. ____ - Q1 off; Q2 on ._ 
Q2 Collector 
bV= t 6v 2 2  
6v 
i 
AV I Slope = = - = Constant C 
Given by e = - 
C 
T1 t T2 = T3 
where f is in the frequency of oscillation of the SCO. . 
Figure 6 3  
SCO Timing Diagram 
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+vl  
R3 
P 
f 
1 I2 
Q4 
c1 
i 
Figure 64 
SCO Simplified Current Sources Schematic 
R9 
4. 13 Wave Analyzer Commutator 
The Spectrum Commutator, Figures 65 and 66, consists 
Each switch is turned on in  sequence, and the gating 
of seven (7) voltage controlled switching amplifiers driving a common 
output amplifier. 
arrangement is  such that only one (1) switch may be rcon" at any one 
time. The data input to the switching amplifiers is provided by the 
peak detectors. To insure no loading of this output, high impedance 
FET's a r e  employed for the input stage. 
amplifier Ql  is provided by diode CR1. 
o r  greater the transistor is biased off. 
the commutator gating circuit allows Ql  to function as a linear amplifier. 
The output amplifier , including the "ontf operation of Q1, functions 
the same a s  the output amplifier used in  the Waveform and Wideband 
Channels. 
tied in  parallel and sequentially turned Ilontt and rloff" by a gating circuit. 
Control of the switching 
If the control voltage is bv 
Clamping CR1 to ground via 
The major difference is that seven (7) input stages a r e  
The input switches, Q1 to Q7, are matched pair N 
channel FET's. 
select source resistors. 
second stage PNP differential amplifier Q8 and Q9. 
impedance is achieved by the complementary NPN-PNP emitter follower. 
The commutator gain of 2 is derived from feedback resistors R29 
Their output offset is further reduced to zero with 
All drains a r e  connected in  parallel to the 
Low output 
- lOOK + lOOK = - - R29 t R30 and R30. 
AG - R29 1 OOK 
I 
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R1 = R4 = R7 = R10 = 3 1 3  = R16 = R19 = Select 
R 2  = R5 = R8 = R l l ,  R14, R17, R20 = S e l e c t  
R 3  = R6 = R9 = R12 = R15 = R18 = R21 = 76.8K 
R22 = R25 = 73.25K 
R23 = 10K c1 = 1.0 pf 
R24 = 62K c2 = 220 pf 
R26 = 100 K Q1 t h r u Q 7  =SU20266 
R27 = 1.8K 48 = Q9 = SM9139H 
R28 = 3.6K Q l O  = 2N2484/46 
R29 = R30 = lOOK 
Figure  65 
Wave Analyzer  Commuta tor  Schematic  Diagram I 4 
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e. in 
c 
Logic Control 
L--Q E 
Figure 66  
Simplified Wave Analyzer Commutator Circuit 
e 
0 
4.14 Commutator Gating Circuit 
The commutator gating logic consists of seven (7) ffAND't 
gates connected such that only one (1) output will be true a t  any one time. 
Following is an  example of the gate operation using the 1000 Hz.contro1 
gate with inputs QJ, QK, and QL. See Figure 67. When any of the before 
mentioned inputs are a t  ground potential, the bias current through R1 is 
shunted to ground through either CRl,  CR2, and CR3. Transistor Ql 
is turned"off" and the collector voltage goes to +20v which is a false 
output. The forward voltage drops of CRl,  CR2, and CR3 are cancelled 
by CR22 which enables Q1 to turn off. 
current through R1 is routed through CR22 to the base of Q1, turning 
Q1 on. The collector voltage goes to 0 volts and the output is true. 
output is used to gate the Wave Analyzer Commutator discussed in Section 
41.. 13. 
If all inputs are a t  +6v, .the bias 
This 
4. 15 Complementary Flip Flop 
The complementary flip flop was designed to have a low 
output impedance in both the high and low output states. 
a simplified schematic of the flip flop. 
"ontf and the output a t  Q4 is +6 volts. 
through R2, CR2, CR3, and R7. Since Q3 is "on", C5 will charge to +6 
volts through R2 and Q3. Because ais at  0 volts, capacitors C3 and C4 
will not be charged. A negative trigger pulse will be coupled through C7 
The negative pulse is coupled through 
CR1 and C3 to the base of Q2 and through C4 to the base of 0 4 .  
negative pulse is the polarity required to turn Q2 "on" and Q4 "off". But, 
since Q 2  is "on" and 0 4  is "offtf", this pulse has no effect. However, the 
negative pulse coupled through CR2 and C6 to the base of Q l ,  turns Q1 "on". 
Simultaneously, - the pulse is coupled through C5 to the base of Q3, turning 
0 3  rfoff''. The t.6 volts 
through R1 turns Q2 rfoff" and through R4 turns Q4 "on". Q is now at 0 volts 
and the flip flop has changed state. 
in both the high and low states since one transistor in  each leg is always rfon''. 
Figure 68 shows 
Assume initially that Q2 and Q3 a r e  
Capacitor C6 will charge to +6 volts 
. to steering diodes CR1 and CR2. 
This 
Q now goes through a transition from Ov to +6 volts. 
Note that the output impedance is low 
.. . 4.16 Modulo-Seven Binary Counter 
I 
The modulo seven binary counter is used to control the gating 
Note that F/F A is initially se t  and F/F B and C a r e  reset. 
circuit for the Wave Analyzer Commutator. 
of the counter. 
When the count reaches seven, F/F A, F/F B, and F/F C are all true. The 
next pulse will set  F/F A "false" which sets  F/F B "false" which in  turn 
sets F/F C fffalsetf. 
This is the required reset state for  a binary one (1). 
' 4. 17 Impulse Command Isolation Amplifier 
Figure 69 gives a block diagram 
But, when F/F C goes "false", i t  sets F/F A I'true". 
Figure 70 shows a schematic diagram of the isolation amplifier. 
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(Reference W4299) 
CR1 thru CR28 = DHD115 
R1 thru R7 = 75K 
R8 = R 1 0  = R 1 2  = R 1 4  = R 1 6  =R18 = R 2 0  =24K 
R9 = R11 = R13 = R 1 5  = R17 = R19 =R21 = 51K 
Q1 thru Q7 = 2N2484/46 
Figure 67 
Gommutator Gating Schematic Diagram 
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+ 6 d  
. . .  p" 
(Reference W4296) 
C1 thru C6 = 150 pf 
C7 = 560 pf 
CR1 thru CR3 = DHD115 
R1 thru R6 = 62K 
R7 = i K  
Q1 = Q 2  =SM9139H 
Q3 =Q4 = 2N2484146 
Figure 68 
Complementary Fl ip  Flop Schematic Diagram 
Page 147 
Input 
from 
I. P. Gate 
Reset 
Figure 69 
Modulo-Seven Counter Block Diagram 
c1 = 
6 2  = 
c3 = 
c 4  = 
R1 = 
R2 = 
R3 = 
R4 = 
C 
(Reference W430 8) 
.22  pf 
3.3 pf 
1000 pf 
330 pf 
30K 
10 Mes 
47K 
150K 
R5 = 30K 
R6 = 150K 
R? = lOOK 
R8 = 30K 
R9 = 30K 
R10= 2K 
R11= Select 
Q1 = 2N3486A 
Q2 = 2N3486A 
0 3  = 2N3486A 
CRl= 1N753A 
Figure 70 
Impulse Isolation Amplifier Schematic 
c 
i 7  - 9 1 7  
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Resistor R1 and C1 form a 5 m s  delay circuit that prevents relay 
contact bounce from triggering the amplifier. 
via the spacecraft command relay, capacitor C1 begins to charge. 
approximately 5 ms ,  the voltage across  C1 wi l l  exceed the circuit threshold 
and Q l  wi l l  conduct. This Schmitt-Trigger drives a blocking oscillator, 
Q 3  and T 1, which produces an output pulse of approximately . 5  ps rise 
time and 10 p s  duration. This pulse is used to control the state of a 
flip flop. 
When R1 is tied to ground 
After 
In the quiescent state, transistor Q1 is l'offll, Q2 "on", 
The trigger circuit reference is at  +6v and is determined and Q 3  lloffll. 
by diode CR1 and resistor 
(referenced to ground) must exceed the +6v reference plus the sum of the 
drops across CR2, CR3, and base emitter junction of Ql. The time required 
for the voltage across C1 to exceed the threshold value is given by the product 
of R1-C1. R2 serves as  a discharge path for  C1 between impulse commands. 
R3. The voltage necessary to fire the trigger 
4.18 SCO Command Detector 
The purpose of the SCO detector, Figure 71, i s  to isolate 
the magnetometer circuitry from the spacecraft command lines. 
is accomplished by using the +28v command signal as the supply voltage 
for an oscillator circuit. 
rectified, filtered, and used a s  the control voltage of transistor Q Z .  The 
frequency os oscillation is determined by the inductance in the primary of 
T1 and capacitors C3 and C4, and is nominally 100 KHz. 
This 
The oscillator signal is then transformer coupled, 
m .  
Y 
d 
0 
? P 
+I 
m 
E s! 
0 
c * 
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4. 19 Sync Amplifier 
The Sync Amplifier i s  used to buffer the 2461 Hz sync 
signal from the spacecraft. It also enables the power supply to  meet 
the interface requirements for this signal. 
Figure 72 shows the sync amplifier circuit schematic. 
The amplifiers The circuit utilizes a transformer coupled amplifier. 
a r e  a complementary pair which use the pre-regulated voltage (4-22 
volts) as their supply. 
A square wave synchronization signal of less than 4 volts peak 
t o  peak will sync the instrument’s power supply. 
for  the synchronization signal is greater than 9000 ohms. 
The input impedance 
o------o-’- 
SP30332 
1 
(Reference W4290) 
FIGURE 72 
SYNC AMPUFIER SCHEMATIC DIAGRAM 
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4.20 Power Supply Converter 
The operation of the converter is discussed under 
two major headings: 0 scillation and Synchronization. Refer to Figure 
73 for the discussion. Figure 74 is the detailed circuit diagram of the 
conve rve r module W 429 1. 
Oscillation 
Upon turn on, +23. 5 volts is applied to the emitter of 
Q7, Q8 and pin 5 of T3. The +47 volts 
appearing across pins 1 and 3 of T 3  a re  coupled via the select resistors 
to pin 1 and 2 of T2 (the feedback winding) of T2. This voltage at  pins 
1 and 2 of T2 induces a voltage at  pins 3-4 and 4-5 of T2 such that pin 3 
goes positive and pin 5 goes negative turning on Q8 and holding off Q7. 
After a specified time the current in the winding 1-2 of T3 reaches a 
at  which time the voltage at  pins 3 and g % f  Tydrops  to zero. T h i s  hl s 
the base drive to Q8 and it s tar ts  to cut off. This removes the short to 
ground at  pin 3 of T1, causing the voltage a t  pin 3 to r i se  toward +23. 5 
volts (and causing the voltage a t  pin 1 of T1 to drop toward +23. 5 volts). 
This couples a step voltage of such polarity to the feedback winding of T2 
such that i t  removes i t  from saturation and couples a negative voltage to 
pin 3 of T2 and a positive voltage to pin 5. 
Q7 on. 
once again reaches a level to cause T2 to saturate and the whole process 
is repeated over and ove  r. Thus, oscillation occurs. 
Pin 2 of T3  is held at ground. 
level such that T2  is saturated, i. e. (N ) (I ) [NI saturati for T1 1 
This cuts off Q8 and turns 
This state is maintained until the current in pins 1 and 2 of T2 
Sync hroniz a tion 
The sync input signal couples currents into the sync winding 
(pins 6-7 of T2) to aid o r  retard the feedback winding current such that 
synchronization between the feedback winding voltage and the sync voltage 
occurs. 
at a phase difference of 90°; i. e . ,  when (fin = 
These two square waves are of the same frequency, but nominally 
ffree run of converter). 
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1 1 I 1  I 1  
I 1  I -  O 
(Reference W4291) 
C9 = C10 = C11 = 6 . 8  pf R16 = 1K 
C12= C13 = 1 . 0  pf R17 = 24K 
L4 = 280 ph R50 = 47K 
L5 = 1000 ph Q7 = Q8 = SM9139H 
L6 = 1000 ph 
Figure 7 4  
Converter Module Detailed Schematic Diagram 
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4.21 Power Supply Preregulator 
The power supply preregulator consists of a ser ies  
voltage regulator that provides stable operating voltage to the d-c 
to d-c converter ensuring reliable operation. 
straight forward, see Figure 75. CR3, a Zener diode, provides the 
reference voltage to Q3-Q4, a differential amplifier, which drives Q1 
and Q2. 
to +23. 5v d-c. 
provided by an isolated source which is higher than that for Q1. The 
higher potential allows Q1 to operate at a low collector voltage which 
minimizes power loss. 
dissipation. Figure 76 shows the detailed schematic diagram of the preregulator 
module. 
turn-on surge current requirements, transistor 0 5  and i ts  associated 
components w e r e  introduced into the circuit. The turn-on sequence i s  
a s  follows: At time T = 0 capacitor C11 has zero volts across i t  and 
begins to charge up to 28 volts through R11, and CR11. 
to charge, Q5 begins to pass voltage to the +23. 5 volt preregulator volt 
output. The converter begins to run and couples a voltage via T3 back 
to the preregulator. It is rectified by CR4-CR5, and again is applied to 
capacitor C11. This voltage (+47 volts) back biases CR2 and CRl l  and 
acts as Vcc for Q2 and Q3. 
The circuit is relatively 
Voltage divider R5 and R6 i s  selected to set  the output voltage 
The collector voltage supply , +47 volts, for Q2 is 
Q1 and Q5 are mounted on the housing fo r  heat 
In order  to stay within'the spacecrafts' reflected noise and 
Once C11 begins 
4.2.2 Power Supply Post Regulators 
There a r e  four post regulators utilized within the power 
supply. 
re spec tively. 
Of these, 6 volts and the rest  a r e  +20 volts, and -6  volts, 
The regulators provide regulation of the power provided 
The by the converter and reduces noise and ripple on the output lines. 
circuits a r e  conventional series regulators with Zener reference diodes, 
and differential e r r o r  detection amplifiers that sense voltage variations 
in the output lines. 
whi& drive Darlington connected pass transistors. The circuit of each 
regulator is illustrated in Figures 77 thru 79. 
In each case transistors amplify the e r r o r  signals 
k 
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(Reference W4289) 
c1 = . 4 7  pf 
c2 = . 0 1  pf 
c 3  = 1 pf 
C 4  = 6 . 8  pf 
L1 = 280 ph 
L2 = 1000 ph 
Q2 thru Q4 = 2N2484/46 
R1 = 1K 
R2  = 12K 
R 3  = 9 1 K  
R 4  = 30K 
R5 = 162K 
R6 = 69.8K 
R7, R8 = Select  
R9 = l60K 
Figure  76  
Preregulator Module Detailed Schematic Diagram 
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(Ref e re n c e W 4 29 4) 
C27 = 1 pf R26 = 33K 
C28 = 22pf R27 = 130K 
Q l 3  = GT 5968 R28 = 27K 
Q14 = Q15 = Q16 = 2N2484/46 R29 = 75K 
CR19 = FCT1121 R30 = 8.25K 
R31 = 60.4K 
R32, R33 = Select 
Figure 77 
t6 Volt Post Regulator Schematic 
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(Reference W432 1) 
G24 = C33 = lpf R18 = 6.2K 
C25 = 3. 3 pf R19 = 62K 
626 = 6.8pf  R20 = 27K 
c 3 4  = 1.Opf R21 = 150K 
GR18 = CR22 = CR23 = 1N753A R22 = 61 .9K 
a9 = GT5968 R23, R24, R25 = Select  
Q l O =  Q11 = Q12 = Q25 = 2N2484/46 RSO = 150K 
R51 = R53 = 75K 
R52 = 10K 
Figure 78 
+20 Volt Post Regulator Schematic 
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C31 = 1 . 0  pf 
C32 = 22 pf 
CR21= FCT 1121 
Q2l  thru Q24 = SM9 139H 
R42 = 33K 
R43 = 130K 
R44 = 27K 
R45 = 75K 
R46 = 8.25K 
R47 = 60.4K 
R48, R49 = Select  
Figure 79 
-6  Volt P o s t  Regulator Schematic 
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5.0 BENCH TEST EQUIPMENT 
The purpose of the OGO-E Bench Test Equipment (BTE) is to 
simulate the spacecraft interface signals and to monitor the functioning 
of the OGO-E Search Coil Magnetometer (SCM). 
provisions for convenient use of auxiliary test  equipment to enable 
complete calibration of the SCM. 
The BTE also contains 
5. 1 Mechanical Description 
As indicated in Figure 80, which shows a front panel 
view of the BTE and Figure 81 which shows the r ea r  of the unit, it  is 
fabricated of a chassis mounted behind a standard 19 inch panel upon 
which the majority of the controls and test points a r e  available. All 
connectors a re  mounted on the rear  of the panel together with some of 
the controls and test  points associated with the power supply. The 
major portion of the circuitry is mounted on printed circuit boards 
some of which a re  contained within shielded enclosures. 
of minimizing the equipment cost, the entire BTE was fabricated 
utilizing high quality breadboard type construction. 
is painted per ML S40118, Class 11, Type V, light blue. All markings 
and lettering a re  dry transferred DATAK color black. 
on the front panel together with the controls, are  60 test  points which 
enable monitoring of all  of the important signals from the SCM as well 
as some of the signals which a re  generated through the BTE. 
As a means 
The front panel 
Also located 
5. 2 Electrical Description 
All of the electrical functions provided by the BTE a re  
described in the following paragraphs. 
BTE is shown in Figure 82. 
A complete schematic of the 
5. 2. 1 BTE Power System 
Figure 83  shows a simplified diagram of the 
' BTE power supplies. Under normal operation, the BTE power is 
generated by use of power supplies which utilize the 60 cycle 11 0 volt 
.line for primary power. This ac power is applied to a 12 volt regulated 
supply.which is utilized in the BTE and is also rectified and filtered for 
a 25 volt regulated supply again for use in the BTE. It is also used for 
a current limited regulated supply which is variable in output voltage 
from 23 to 33 volts. 
used to power the SCM. 
instrument is regulated by a front panel control which is marked as shown. 
A set of test jacks is available on the front panel so that in the OFF- 
EXTERNAL position, an external power supply may be used to power 
the instrument. 
mounted switches and test  jacks to enable the use of external batteries 
to power both the BTE and the instrument.for remote site operations. 
I 
The output of this latter supply is that which is 
As indicated, the setting of the voltage to the 
Other capabilities a r e  built in by way of r ea r  panel 
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5 .  2.2 Sync Signal Generator 
Figure 84 shows a block diagram of the circuit  
which generates the synchronization signal for the instrument power 
supply. 
varied *5% from the nominal frequency of 2461 cps. 
adjusts the output voltage from the nominally t25  volt regulated supply. 
This voltage is applied to the dc/ac inverter through a rear  panel mounted 
switch whichpermits the disabling of the inverter. The output of the 
inverter is passed through a multi tap transformer which enables 
selection by use of a front panel switch of nominal, min, and max 
levels (4, 6, 7v P/P) of the sync signal. Suitable loads a re  placed 
across  this attenuator so that the output impedance of this signal is 
the same a s  that of the spacecraft. 
A front panel control enables the sync signal frequency to be 
This control 
5.2.3 Timing and Index Pulse Generator 
Figure 85 shows a block diagram of the circuit 
which generates the timing and index pulses. 
a 444 cps clock with an accuracy of one percent is counted down in a 
binary countdown chain to the minimum frequency of 0.87 pulses per 
second (pps). The output of this final countdown circuit is applied to 
a one shot multivibrator which shapes the pulse to worst case conditions 
of the interface specification and is  then passed through an attenuator 
which can be used to vary the signals from a zero to 10 volt range. 
The 1 3 . 9  pps and 222 pps timing signals a re  generated, shaped, and 
attenuated in  a similar manner except that their inputs a re  taken from 
different points in  the countdown chain. 
of these timing signals is controlled by a single front panel control. 
As indicated, 
The amplitude of all three 
The index pulses for either Group 1 o r  Group 
The 5 5 . 5  pps index pulse corresponds 
As with the timing pulses, the output is passed 
A push button switch is included to enable the appli- 
2 are selected by a front panel control which indicates the frequenc,y 
.of the selected index pulse. 
to 2 64 kc bit rate.  
through a shaper and attenuator which controls the output over a zero 
to 10 volt range. 
cation of single index pulses i f  required. 
5 . 2 . 4  Telemetry Status Signal Generator 
Figure 86 shows the block diagram of the 
circuit which generates the telemetry status signals. 
three signals a r e  generated in a similar fashion. 
of an attenuator for each output which is controlled by a front panel 
control. 
Each of these 
The circuitry consists 
These attenuators utilize the regulated +12 volts a s  their inputs. 
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Each front panel control is calibrated showing the nominal voltages 
for each of the states of the signals. Thus, the Bit Rate control is 
labeled 1 kc, 8 kc, and 64 kc; the Switch Signal, Group 1 and Group 
2; and the Mode Signal Normal and Alternate. All of these controls 
a r e  continuously variable from 0 to t12  volts. 
5.  2 . 5  Command Generator 
Figure 87 shows a block diagram of the circuit 
which generates the three impulse commands used by the instrument 
and also the power command which controls the special purpose telemetry. 
The impulse commands a re  initiated by a push button switch on the front 
panel. The output of this switch is filtered to eliminate transients 
and applied to a one shot multivibrator which generates the proper 
pulse width. 
output to power ground. 
which this impulse command is generated. 
ON/OFF command is simply a toggle switch which either opens the 
command line o r  returns it to the instrument 28 volt power. 
This multivibrator energizes a relay which closes the 
A front panel switch selects the line into 
The Special Purpose Telemetry 
5 . 2 . 6  Power Supply Monitor 
The BTE contains facilities for conveniently 
checking all of the instrument power supply functions. 
of this system is shown in Figure 88. 
provided consisting of an expanded scale volt meter for precisely 
measuring the outputs of the instrument power supply, a current monitor 
for monitoring the current drawn by the instrument, and a sync signal 
demodulator which enables a measure of the frequency of the free 
running instrument conve rte r . 
A block diagram 
Three types of functions a re  
The five outputs of the instrument power 
supply a re  applied through a voltage selector and attenuator to a variable 
gain dc amplifier. 
amplifier a re  selected by a front panel control. 
operation, the output of the variable gain amplifier is applied through 
the meter  select circuit ,  through the dc meter ,  and then to a precision 
reference voltage. This system is calibrated so that a center (zero) 
reading of the meter indicates that the input voltage is exactly what . 
it should be while a fu l l  scale deflection in either direction corresponds 
to a *to. 2% deviation in that voltage. 
The input voltage, attenuation and the gain of the 
During this type of 
During current monitoring operation, the 
instrument power, as generated in the BTE, is applied through the 
meter  select circuits to the dc meter and then out to the instrument. 
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Under this mode of operation, the meter is calibrated so that zero 
o r  center scale corresponds to 0 current and upward full scale deviation 
corresponds to 100 milliamps. 
c 
In the sync signal position, the bench test  
equipment sync signal is applied together with the Output of the instrument 
converter test  point to a synchronous demodulator. The output of this 
demodulator is applied through the meter  select circuits to the dc meter.  
One useful mode of operation of this function is to disconnect the sync 
signals from the BTE to the instrument allowing the instrument converter 
to free run. The meter  can then be utilized together with the variable 
frequency control of the sync generator to zero beat the converter 
test  point with the BTE sync signal. 
ment of the free running frequency of the instrument converter. 
the sync signal from the BTE is connected to the instrument, a non 
zero reading of the meter indicates that the instrument is locked to 
the BTE sync signal. 
This enables an accurate measure- 
When 
5 . 2 . 7  Test Point Monitor 
In order to allow auxiliary equipment to con- 
veniently monitor internal instrument and BTE signals, 6G test  points 
a r e  available on the front panel. 
at each of these test  points is shown in Figure 89. 
test points, there is one major test  point labeled OUT which enables 
the monitoring of the most important data outputs of the instrument 
at that one test  point by use of the test  point selector switch. 
front panel layout of this switch i s  shown in Figure 90, This function 
is extremely useful when utilizing one instrument such as an oscillo- 
scope to quickly check all  of the instrument outputs. The four outputs 
at the lower part of the switch refer to the instrument status outputs. 
The identification of the signal available 
In addition to these 
The 
OGO-E S/C BTE TP Location 
TP-1 
TP-2 
TP-3 
TP-4 
TP-5 
TP-6 
TP-7 
TP-8 
TP-9 
TP-10 
TP-11 
TP-12 
TP-13 
TP-14 
TP-15 
TP-16 
TP-  17 
TP-18 
TP-19 
TP-20 
TP-21 
TP-22 
TP-23 
TP-24 
TP-25 
TP-26 
TP-27 
TP-28 
TP-29 
TP-30 
t 20 volt 
t 6  volt No. 1 
t 6  volt No. 2 
-6 volt 
2.5 volt 
2.6 volt 
I F C  Signal 
.i 
Converter TP 
Converter TP Return 
Sec Signal Return 
X Pre Amp - 
Y P r e  Amp 
2 Pre Amp 
NC 
NC 
NC 
X Axis Demod 
Y Axis Demod 
2 Axis Demod 
Pre Amp Return 
X Axis Wave Analyzer 
Y Axis Wave Analyzer 
Z Axis Wave Analyzer 
X Axis Waveform 
Y Axis Waveform 
2 Axis Waveform 
X Axis Spectrum 
Y Axis Spectrum 
Z. Axis Spectrum 
Shield Return 
TP-31 
TP-32 
TP-33 
TP-34 
TP-35 
TP-36 
TP-37 
TP-38 
TP-39 
TP-40 
TP-41 
TP-42 
TP-43 
TP-44 
TP-45 
TP-46 
TP-47 
TP-48 
TP-49 
TP-50 . 
TP-51 
TP-52 
TP-53 
TP-54 
TP-55 
TP-56 
TP-57 
TP-58 
TP-59 
TP-60 
X Axis Wideband 
Y Axis Wideband 
2 Axis Wideband 
Status -Waveform - Spectrum 
Status - Bandwidth - IFC 
Status -Wave Analyzer 
Status - Power - SCO 
t 23.5 volts 
t 23.5 volt Return 
28 volt Return 
External Index Pulse 
Index Pulse Inhibit 
X Axis SCO 30 KC 
Y Axis SCO 52.5 KC 
2 Axis SCO 70.0 KC 
NG 
BTE 222 PPS-Timing Signal 
BTE 13.9 PPS - Timing Signal 
BTE 0.87 PPS -Timing Signal 
BTE Chassis Ground 
BTE Switch Signal 
BTE Mode Signal 
BTE Bit Rate Signal 
BTE Index Pulse Group No. 2 
BTE Index Pulse Group' No. 1 
BTE IFC Command 
B T E Spe c tr um Command 
BTE Waveform Command 
BTE S P Command 
BTE Secondary Signal Return 
Figure 89. Test Point Identification 
i:  7 * 3 :  7 
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6.0 RECOMMENDATIONS AND IMPROVEMENTS 
6. 1 Search Coil Sensor and Preamplifier Assembly 
I t  is recommended that the search coil sensor and pre- 
amplifier be integrated into a single package for each axis. 
heater could be built right into the sensor housing. 
system has a 14 inch coax cable joining the sensor to the preamplifier. 
Experience shows that a situation of this type can allow RFI to be introduced 
into the interconnecting cabling. Secondly, the interconnecting cable added 
capacity in the order of 500 pf which lowers the resonance frequency of 
the sensor coil. 
i t  would be positioned close to the coil to minimize these undesirable effects. 
A proportional 
Presently the OGO-E 
If the preamp was relocated to within the sensor housing, 
6. 2 Sensor Coil Winding 
On the OGO-E Search Coil Magnetometer, two one-inch 
bobbins were randomly wound with 50,000 turns of wire each. It is 
recommended that the next instrument have a continuous strand of No. 47 
AWG-SF magnet w i r e  wound on two 10 section bobbins yielding twenty 
individually wound segments, 5000 turns each, o r  a total of 100,000 turns. 
This technique wi l l  improve the self resonant frequency from 500 Hz to 
1.0 K Hz. 
6. 3 Preamplifier Sensitive to Variation of Power Supply Voltage 
The OGO-E Search Coil Magnetometer Preamplifier was 
sensitive to B+ voltage variations. 
effect of having a high signal to noise ratio whenever the cabling between 
the Main Body and the Preamplifier w a s  subjected to a noisy environment. 
The noise which was induced into the power line cabling, vm uld be amplified 
within the Preamplifier and appear on the output leads as  a signal. 
design of the Preamplifier could be improved to eliminate this problem 
by designing the circuit not to be sensitive to variation in power supply 
voltages thus yielding a high power line noise rejection. 
This produced the undesirable 
The 
* I 6 .4  400 Hz Notch Filter 
t 
C1 thru C4 and R1 thru R4 should have been purchased 
a's f 0.1% components in order to achieve a sharper and more accurate 
notch at  400 Hz. 
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6. 5 Gain Change Amplifier 
Change the module test  spec so' that the gain measure- 
ments  for the gain trim is made with DC input and output signals instead 
of AC signals .  
very difficult. 
AC measurements. 
The measurement of AC signals, to better than 170, is 
Time w a s  wasted in module test  trying to make these 
The test set  up should be as follows: 
With e at -Q. 5 volts, the drive current into the 
base of Q2 should be czeiyed for sufficient drive to turn Q Z  (in the 
inverted mode) on HARD. I should equal a t  least to I for inverted 
mode switching. - c  See Figurt?%: Page 109. 
Note that ka2 = voltage at pin 3 minus the bias voltage at pin 12 divided 
v 3  - v12 by R17. 
b 2  = R17 
Also note that R17 might have to be changed as the bias is changed and 
that the voltage for cut off of Q2 at pin 3 is negative for a bias of gnd at 
pin 12. 
6.6 Bandpass Amplifiers 
A. Noise at Output 
GR1 in  Figure 54, Page 115 is a source of wideband 
noise. The following illustration shows the equivalent output stage: 
t 20 Volt Power 
Supply 
1 R9
As shown e l  is a noise source contained within the t 20 volt power supply 
and e2 is a noise source in the zenor diode CR1. 
noise sources, is quite high and they create noise voltages at eo if the 
net gain around the amplifier feedback loop is less  than unity at these 
noise frequencies. 
found to be present at the output. 
recommended that an  RC filter be added as shown: 
The gain, to these 
In production units considerable noise above 10 KHZ-was 
To eliminate this problem it is 
Pale 179 
t20v 
e 
4
0 
- - 
Network to be added 
Inability to trim gain a t  fo without a lso changing fa's value. 
A trim resistor should be inserted between Q4 and R9 as shown: 
R Add R for gain trim 
R = 2.2Kn f 2KCl 
for a gain trim of f 5 %  
However R9 must be changed to a 1% resistor and R must also be a 
1% resistor. 
6.7 Subcarrier Oscillator (SCO) 
It is recommended that a new circuit be adopted 
for  the SCO circuit,where the (R7 and RlO) collector resistors of 
the oscillator and the emitter resistors of the current sources 
(R12 and R14), be returned to a negative supply rather than to a 
ground potential. See Figure 61, Page 137. This approach will 
exceed all specifications required of the SCO. A more complex 
approach may be taken, but may not be warranted. 
is shown below. 
PROPOSED N E W  SGO WITH HIGH STABILITY 
This approach 
Figure 91 shows the proposed new current sources 
11 and 12. 
amplifiers. 
DG at all times. 
-2OV. 
that Q11 and Q14 have at least  2 volts drain to source bias. 
input Ein circuitry functions similar to the present SCO. 
brought out for DC calibration of modulation index. 
section of this proposed SGO can be identical or similar to the circuit 
for the OGO-F SCO. The v b  
AV could be used but the gain%and width of the transistor is lower. 
As shown, QlO-Q11 and Q14-Ql5 a r e  dual acting as differentail 
Point M and N are servoed by the amplifier to zero volts 
Thus 11 and I2 are determined only by R10,  R11, and 
Notice that the changes in transconductance of Q12 and Q13 a r e  so 
Test point P is 
The modulation 
The switching transistor 
specification of a 2N2945 is 35V, thus a greater 
A second solution for generation of the constant current 
source using less parts and affording a 22M n input impedance to the  
modulation signed is shown in Figure 92. 
be connected directly to the input. 
Note that a search coil could 
7.0 SUMMARY OF CHANGES AFTER INITIAL DELIVERY 
The OGO-E Search Coil Magnetometer was designed, 
fabricated, tested, and delivered to JPL;  however, during cam- 
. pliance testing at TRW, it was discovered that the instrument would 
not properly interface with the spacecraft. The instrument was 
returned to Marshall Laboratories for three basic modifications. 
These modifications a r e  documented throughout the text by the use 
of Engineering Orders. 
I 
The basic modifications are: 
A. Interface of the Timing and Index Pulse Circuitries 
to improve the instrument's response to slow rise-times. 
B. Power Supply Interface to eliminate ringing of the 
turn-on current surge pulse. 
G. Addition of a 400 Hz Notch Filter and a 1850 Hz Low 
Pass Filter to reduce noise pickup of the instrument. 
D. Introduction of R F  filters into the Power and Ground 
Lines to reduce the noise susceptibility. 
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RECOMMENDED CURRENT SOURCE NO. 2 FOR SCO 
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Note: 
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APPENDIX A 
I 
TRANSIENTS ANALYSIS OF THE 
TIMING AND INDEX PULSE CIRCUITRY 
FOR THE OGO-E SCIENTIFIC EXPERIMENT 
Aa a result of this study, the Timing Pulse and Index 
Pulse Interface Circuits were modified to that which is 
shown in Figures 31 and 32 respectively. 
6 7 . 3 7  
1 
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TRANSIENTS ANALYSIS OF THE TIMING AND INDEX 
PULSg CIRCUITRY FOR THE OGO-E SC IENTIFIC EXPERIMENT 
The schematic for  the timing pulse circuitry is shown in Figure 93 complete 
with details of input waveform characteristics. The schematic for the index 
pulse circuitry is shown in Figure 94 
two circuits drive i.s shown schematically in Figure 95, 
The load which the outputs of these 
Analysis of the transient response of the timing and index pulse circuitry 
is carr ied out in the following approach: 
Determine the fall time (t 
10 1-90%) of (32 for the present circuit configuration. 
Determine the needed rise time (tr  E input signal "0" 
to tf+v" time, 10 - 90%) to generate a t 
load. 
Design the necessary interface electronics to ach3eve the 
results of (b). 
(a) 5 cutoff to saturation time, 
(b) 
. 5 usec into the f 
( G )  
The transient response of the timing pulse circuitry is evaluated first. 
The pulse circuitry i s  comprised of 3 identical switching stages. Therefore, 
only one wi l l  be analyzed. 
will  be calculated at  the 25OC condition for worst case components. The 
circuit schematic is shown below: 
The fall time of the present circuitry configuration 
I '  
1 1  
I I 
P I  
1- - 1 f I
Figure 93  
Original Timing Pulse Interface 
Note: Refer to Figure 31 for final configuration. 
07-917 
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3 
PI 
2 
15 
31 
P 
G.P. 2 
/ N E X  
-1 
I 
I same as above I 
- - - - -  
0 adfL)f 
r 
I 
L - - - -  - - -  I 
Figure 94  
Originill Index Pulse Interface 
Note: Refer to Figure 32 for final configuration. 
5 7 . 9 1 7  
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4 
Input 
Figure 95 
C ornplementary Flip-Flop 
b 7  - 9 1 7  
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The load in the collector of Q ,  is the trigger input of a complementzry 
RST multiviDratar, i.!L drawing 8w96 
I I I 0 + v  
T i-. 
2he a':rove circuit is too complzex a d  nust be reduced to  a simpwied equivalent 
circuit, for evaluation of the load on the source. 
Honaslly one side of the multivibrator i s  off,  ar?d the other side is  on. 
Therefore a first simplification may be $lade. 
T I t  1% Qt4 
+ V  
5 
6 7  -91  7 6 
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A further simplification maj 
transistor Q 2. is saturating. 
be macle k y  considering only the t h e  whsn the 
Thus 
A l a s t  simplification is made by rearranging the configvation soagwhat 
as the two capacitors C, and C, do not accumulate charge once VGi rises 
t o  conduction level  of approximately .7 volts 
Now, the input waveforn to the timing pulse circuitrj w i l l  be oonsidered 
6 7  -917 
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# I  
The unloaded rise time across AB for T ,uPvr = 0 (step* 
- 1 1  - L  T A'&' = R, C, = 20 lo' io00 io = 20 io sec 
In a two t i m e  constant system, comprised of linear passive networks, wlhich 
. are independent (thzt is.,.N, is not an appreciable load on N , )  
For T,, > T N g  
For T E.c, = T,, 
Therefore, for a l l  practical purposes 
TAiBi 3: 20 USBC 
The details of the pulse circuitry are now examined. 
1 1 1 I 
7 
4 
6 7  -.91 7 8 
For I F C  control signal = -6 volts, Q , w i l l  be automatically turned on %;hen 
Q=iS turned on by a positive going pulse at  input AB, 
' I 1  
The minimum base drive a t  2j°C for 2, +$ high 
A t  V, = nominal.  condition 
"0" nominal = Ov 
n l l f  nominal -= Wv 
The minimum voltage at  A8B* 
The minimum base current into Q, with R, maximum, R, minimum 
= (35.7 - 11.9) l o - '  = 22.8 uA 
The inaximum current that can f l o w  in R ,  
Since Cl tq  is in parallel with R,, the collector current af Q and therefore 
Q, will be greater t e n  I,, . 
The h of the Z H 2 W  transistors are now detezmined from the data shecats, 
67 - 9 1 7  
L 
I, = 10 UA I, 100 uA I, = 500 uA 
100 min 175 p 200 min 
430 tn 
Page 192 
- 
I, = 1 MA I, = 10 HA 
250 Iflin 430 tsp 
450 tsp 800 lgex 
I I 
9 
20 min 
= 175 +a 96.5 = 175 + 10.35 = 185.35 
400- - 
Therefore at  ICQ, = Icq* 2 196.5 uA 
The change in output voltage 
.b v"s, = v, - (LT3, + V ~ , * T  4% ) = 6 - (.2 + .z)  = 5.6 v 
And the final charge given up by C--- 
Q = CV = I38 10 -'-i 5.6 5: 661 IO-'' co~lombs. 
The maximum currenz that i s  theoretically available from the collector of Q, 
The waveform of the input base cu-Tent to Q,and the collector current is 
shuwn below: 
Since the load on Q,collector = 
104 on Q collector = C, in 
parallel with R,, the curmnt flmdng 
through .R fs small compared t o  that 
I L 
discharging C Lq 0 
I <.c%. bu( l \6&  D \ : c ~ * L L ~  ' M * Y  
& 7  -917 10 
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Eow the time to discharge C, from 6 volts to  2 V, 
Q = It 
Q = 661 lo-’’ 
I nv = 
* 
The 4.41 HA or 1005 f, has a r i s e t h e  of 20 usec. 
The rate of collector current chage assuming a linear appro4ximation t o  
the exponential waveform 
A t  the ead of the second usec 
= 347.5 10-IL coulombs 
A t  the time the equivalent load capacitor discharges 661 lo-’% coulombs 
Ths needed charge to disc’nzrge CLCg 
= 313.5 coulombs t>-tr 
5 7  - 9 1 - 7  
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1L 
The t i r e  required f o r  the t, - t: incrment 
Qt,-t, = IA" (t, - t:) 
- (.3526+x) 10-3 (t, - 2) lo-' 2 
C 
! h e  100,; discharge time 
t u  = 2-75 usee 
tS  - t, = .75 usec 
The 10 t o  90,: response-time 
t,= -8 t = 2 usec 
Since I -, exceeded 196-5 uA, the h r C  M,r) actually w i l l  exceed the 185.35 
value employed i n  the calculat%on, a i d  a vdue of 
= 200 would nave been :nore appropriate. 
ts- C F6 WtN = Qm L A  
Homver, th i s  rigorous approach a l l o m  some flexi'uility since the 196.5 uA 
of R, current i m s  se t  aside t o  allow a simple calculation of the capacitor 
load discharge time. 
For a transistor xitir noninal h, a t  25OC 
T he 10 to  90,;: response time of the output current and consequently the 
 output vo1ix;e 
I 
--- 
t = -  2oo 2 = .gl  usec 
4-30 k 
7-917 
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The above analysis p o h t s  out; the lack  of f a s t  fa l l t  
due t o  the slotr input traver?orm res,.onse and lack of SuCficien-L gain i n  the 
of t i e  output signal 
timing pulse circuitry, 
A cursory i-vielr of'the same circuitry a t  -13'C and nominal input, voltage, 
indicates that the I"alf. time i s  very degraded f o r  the same input stimuli. 
For a worst case input voltage 
b v = LU) M,r) - (o)mn;.x 4 - 1.5 = 2,s volts 
a t  . 10°C, .the timing p a s e  circuitry has hardly sufficient gain t o  drive 
the resist ive load R , ,  l e t  alone the equivalent crapacitive load. 
The detemiination of the nee 
the load, C The calculation ~Jill be made at  25OC 
and nominal input volta-;e, then modified fur e&kemes of the applicable 
d r ise  tine t o  generate e t 4 4 e 5  usec a t  
is  now undertaken. w 
tmperature range. 
7-917 . 13 
96 
ofi 2 I&" = 2,112 
I as previously c 
I F *&LS uier 
he t h e  for 80$ (10 Lo 90;6 response t 
e'mquired rise t h e  of the input signal to 
onsideration is made for nominal input ai; -10 teinpesatura. 
,lO°C the. hFt of (12% 
quired e of t th d fall t 
3 
I 
UlLs of calculations 
or reufred 
-. . . .. - . - . . . . . _. .- ..... 
14 
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non-inverting switching stage with rise time improvement of the order of 40. 
%is is required due to  the fact thct the present input rise time i s  20 usec 
while the input rise tine required to  ezfect a .5 usec fa31 time at -1OOi: is 
.543 USBC. * 
Ihe following circuit i s  provided t o  achieve the waveform improvement as w e l l  
as regenerate and Lmprove the input signal b V  characteristics. 
* 4 v  
MlU.  
1.5 v 
The calculation w i l l  be made on the 222 PPS timing p a s e  circuit. 
constant 
The t h e  
So that CLlrE nay discharge via R A l  and be re- to  accept a new charge upon 
tbe receipt of a following timing pulse 
Page 198 
3 TDCfhY = 3 R,, C 4 4.5 millisec 
And for  m&um input signal. efficiency 
e 
As a start ing point i n  the design operate Qc\ and Q-, at 
- I = .25w 1% - t s e  
Theref ore 
The minimum r-V appearing a t  V ,e ' 
For a' minimum h, of tne 2N2484 a t  -lO°C from page Is 
the required base current 
t 
The value of RAJ, the hold off resistor 
Use IcBumrx 5OoC
vceo = 6v 
= 2uA 
85 7 - 9  1. 7 
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16 
The value of R A 3  i s  nov calculated Use R b j  = 82 k 
Use RA- = &k 
For the 21390711 PUP employed for  Q 
_- 
1- = 10 ~a IMX ' Va,, = 9 v 0 150°C 
Use I, M,,y = 2uA @ 50°C V a 0  = 6 v 
The hold off resistor 
Use Re, = 82k 
Calculation of input capacitor C A ,  
With a 20 usec input t r  
The reactance of the capacitor C,, should be 
lo-i 10 = 1335 10'" 
68 6-28 17.5 
Use C,, = 1000 PF 
Page 200 
- Nom: 
original timing pulse circuitry, Rb, is  unnecesiazlj as  Ri(24k) will provide 
the collector (QB) return t o  comn.  
As long as the necessary electronics interface is conneated t o  the 
F 
The calculation of the output rise time into the equivalent input of the 
i n i t i a l  timing pulse circuitry is now nude-. 
The' equivalent c i rcui t  of the section is 
A n  exaainZtion of the losd lines reveals that  for  all practiual purposes 
. Q,, and Qb drive resist ive loads, 
h, 
I '~~ oct, 
The collector current of Q A w i l l  rise at 
.the time constant of the input t o  the 
musituhm current theoretically available 
from QA. 
available from Q A 
0 
The maximum current theoretically 
;3 
--I_ 
wax T,k, F+ QA *cl u Q A  
The base current of Q A  I 
&7 -917 
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18 
= (23.2 - 8.98) lo-' 
= 16.22 
= l85f35- 17.22 16' = 3.01 MA 
WLX Aut% 
The rate of rise or" Icy@ , 10 t o  90% 
'0 
Ihe time t o  achieve IRBz = .25 
- 2.08 usec 
trQb .I204 
The norml ly  defined response time 
= -8 2.08 = 1.665 USBC 
" 4 ~  
The calculation or' rise time i s  natmade for Q,. 
for this  stage is  as follows: 
The equivalent circuit 
The base current t o  Qb 
... 
67 - 9 1 7  19 
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The dc current gain of the ZN2907A 
The h, at -25 IlA I ,  
= 75 + 9 e 1 5  = 79d? 
The maximum current theoretically availabls from the collector of Q b  is 
e h a a . P ~ ~ t r )  '89s = 79.17 71.3 lo-' = 5.67 I,IA f ~ q h x  T . A .  
?he maxtmtm theoretically available collector current wavefonn rises at the 
time constant o f  the base input current. 
The rate of rise of collector c u r m t  0 
- 3.4 && 
MA usec I% - usec 
m c e  I is limited t o  
cQ6 I. 0- I t  
The t h e  required to reach Ice, = .25 XA 
= 76.3 10-' = 76.3 nonoseconds = 3-
t r  = e 8  76.3 10" * 61.1 namseconds 
' 6 7 - 9 2 7  
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Therefore, the interface circuitry w i l l  meet the needs as &fined in t'ne 
analysis 
~n e.xaminatioii of the :~PX/PW interface circuitry at the lmrw atxi upper 
tenperatures revealed 
c .  
( a )  - 10°C t r  increases considerably-but is .( .5 woc 
dc drive is adequate (dc stdlility is good) 
--_ 
(b) +50°C t deczeases sl ightly 
dc stability is  good 
20 
-. . - . .. . . . 
21 
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The transient response of the index pulse oircuitry i s  now evaluated, 
The pulse circuitry is comprised of 2 identical switching stages, one of 
which is on while the other is off. 
configuration KLU be caloulated at  the 2S0C iondition for worst case 
eom-ponents, 
The fall time of the present circuit 
0 
The circuit schematic is sham below. 
The load on the output is identical t o  that on th. timing pulse circuits.  
Refer t o  pages j and 6 for simplified equivalent aircuit of the load, It 
reduces t o  
. Page 205 
22 
Naw the input wavefom to he index pulse cfrau 
R efer t o  pages 6 and 7. For all practical purposes 
r AIb' = 20 US80 
The details of the index pulse cirouitry are now exaninad. For the 
inhibit signal and switch signal = +6 volts Q ,will bo automatically 
turned on when Q ,is turned on b-j a positive going pulse a t  input AB. 
The rainimum base drive at 2 j ° C  for R , 5$ high, R'k 5s law 
The rnininum voltage at  A'B' 
6 7 - 9 1 7  23 
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The mininum base current into Q &with R, maximum, R, minimum 
f (79.8 - 36.8) uA = 33 UA 
The maxknum current tfiat can flov i n  3, 
Since CLeq is i n  parzllel w i t h  9 ,  the collector current ol" Q 'L and therefore 
Q , will be greater than I,, . 
&fer t o  page 9 for the hFE of the 212484 transistors. 
Since Id, max i s  95 uA, use the h F t  m,wof  the 21:2&% a t  I ,  2 .U.U 
The changa i n  outsut volta,ge and final clia-*ge given up bjj C L w  from page 9 
* V% = 5.6 v 
Q = 661 lo-'' couloiabs 
The naximm cctrrent that  i s  theoretically 
The waveform of the input base currmt t o  
shokm below. 
As aqlaii ied a t  the bottom of pase 9 
> 
CEq DUWNG bi$Cw&Lf I IL' M A X  I 
And the time t o  discharge C, froa 6 v 
=I 
to 'c, $PT 
availa3le from the collector of Q, 
Q,and Yne collector current i s  
- I  
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The rate of  r ise of collector current of Qt. 
i4A - 2 8 6  .8 = .314 XA 
20 usec 
-- - 
usec 
A t  the end of t n e  first usec 
io-‘ = 157 lo-\‘ coulombs - ,314. 2 Q I  = I, (ti - to) - 
A t  the end of the second usec 
-k Q~ = Q, +--IAy ( t ,  = t , )  = 157 i o  +a+ lo-) io-‘ 
= 628 
The time t a t .  which 
t,- t, = 
t, - t, 4 
- 
Q 3  I c3ce  
The needed chaqp t o  
& 
lo-\’ coulombs 
the equivalent load capacitor reaches f u l l  discharge 
-\t 
661 = 628 IO-_ 
1 A V  
1 usec since i n  the next 1 usec 
I The time required for the t, - t, increment 
t = .8 t, = 1.64 usec 
67-917 25 
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Since I-, exceeded 95 uA, the h MIN actually will exceed the 175 
employed in ihe calculation, and 8 Value Of h 
Value 
200 
would have been more appropriate. 
For a transistor wiih a no&ml hK at  25OC 
Ihe.10 to 905 response time of the output current and consequently the 
output voltage . 
--- 
The above calculations are similar t o  those made on the timing pulse 
circuitry, emept are not as deficient in gain and waveform improvprment. 
Therefore, the same corrective interfaoe circuitry is recwnded here. 
671.917 
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APPENDIX B 
MASTER DRAWING USTS 
1. 
2. 
3. 
Search Coil System - MDL 51896 B 
Mainbody Electronics Assembly - MDL 51731 B 
Preamplifier Assembly - MDL 51733 B 
x 
3. CAi4NGT BE REWORKED 
5 = / E J C - G  2 7  YL FORM 34A 
DRAWING TITLE 
SEARCH COIL 5 y 5  
Pape 212 
APPLICATION I ' PARTS DISPOSITION LDWG. NO. __ i 
t I 'I , - - .  I R E V I S I O N S  
- -  
* 
MASTER DRAWING ,LIST 
ASSEMBLY 
LINE 1 POSITION 
NO. DRAWING TITLE 
DRAWING TITlE 
DRAWING TITLE 
TOLERANCES ON 
oEc'M2Ls1 I ANGLES 
'1- d SURFACE ROUGHNESS 
f 0" 30' X f .03 
XX rt .010 .XXXX f. .GO50 
 YL FORM 34A 
1 HOLE DIA. 
.0135 THRU .125 
.126 THRU ,250 
.251 THRU ,500 
SO1 THRU .750 
.751 THRU 1.000 
1.000 THRU 2.000 
2.001: AND OVER 
TOLERANCE 
.004 - .001 
,005 - .OD1 
.006 - .001 
.008 - .001 
.010 - ,001 .on - ,001 
LINEAR 
f 
t 
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APPENDIX C 
TEST SFECLFICATIONS 
1.  Mainbody Electronics - S40843 
2. Preamplifier - ,540847 
I 
3. CANNOT BE RE 
EFF REV DESCRIPTION BY CK DAVE APPROVAL 
riaxial Magnetometer 
Assembled Unit 
Module 51731-101 
i e a ~  r r v  - 
)c APPD\< dr.. ;y l*h.a A . -"."I SIZE I CODE IDENT NO.  SPEClFlCATlON NO. 
* 
9 
I I 
---/,= d- '; II cnnu 7117 
1.0 SCOPE 
This specification convers the electrical checkout of the OGO-E, Triaxial 
Magnetometer A S  sembled Unit. 
< 2 . 0  APPLICABLE DOCUMENTS 
2 .  1 The following documents, of the issue in effect on the date of 
invitation for bids, form a par t  of this specification. 
DRAWINGS 
Marshall Laboratories 
51731-101 Electronic Assembly 
5 1903 
Si904 
51732 
Electronic Schematic 
System Wiring 
Interface Wiring 
2.2 Precedence of Governing Documents. Unless otherwise specified 
when a requirement of an applicable drawing is in conflict with a 
requirement specified herin, the requirement specified on the 
drawing shall apply. 
3.0 REQUIREMENTS 
3 .  1 Acceptable results a r e  contingent upon the use of the material and 
equipment as specified herin. 
will not be allowed without prior written approval of Marshall 
Laboratories Engineering and Quality Control Groups. 
Substitution of material o r  equipment 
3 .2  Test Equipment The following tes t  equipment, o r  equivalent, shall 
be used to test  the Unit. 
A.  
B. 
C. 
D. 
E. 
F. 
G. 
H. 
Oscilloscope, Tektronix, Model 502 A. 
Power Supply, Hewlett-Packard, Model HP 721A. 
Voltmeter, Triplett, Modkl 630 NA. 
Function Generator, F-rewlett-Packard, Model 232A. 
Digital Voltmeter, Cubic Corporation, Model V 71. 
B. T. E. OGO-E, Triaxial Magnetometer. (Special) 
Stat - 0 - Lite , Mar s ha 11 Lab0 ra tor ie s , (Spec ial) 
Counter, Hewlett Packard, Model 521A. 
M A R S H A 1 1 TITLE SPECIFICATION NO. M , L R B O R A T O R I E S  OGO-E Triaxial Magnetometer 
Assembled Unit 
Module 51731-10 
1. 
2 .  
3. 
4. 
1. 
2. 
Complete setup per Figure (1). 
Set  the SYSTEM MONITOR knob to I in. 
Set the BTE Controls per following: 
BTE Power ON ON 
SPACERAFT POWER ON 
INDEX PULSES E X T  
AMPLITUDE NOM 
TIMING SIGNALS ,NOM 
SCO COMMAND O F F  
F 
Check the System Monitor Deviation meter reading. 
be 27 * 3 max. It shall 
POWER S U P P L Y  CHECK 
Set the System Monitor knob to SYNC. Set the SYNC. DEVLATION 
knob to Min. Vary frequency from t 570 to -570. System Monitor 
Meter shall follow changes in frequency. (If the system is not in 
SYNC; the meter would not move). 
Check the following test  points for proper voltages. 
Nominal (Volts) 
1 t 20.0 f 0 . 0 2 0  
2 t 6.00 f 0 .006  
t 6.00  f 0.006 
- 6.000 f 0 . 0 0 6  _. .
i 5 2.500 *0.005 1 6 2.60f0.12 . 
3% i t 23.5 f 0.025 
I 
I * j  
3 l  
Mea sur  ed 
Vo 1 tag e 
-- __-- 
I Remarks ! 
t 6 volts No. -3 1 i 
t 6 volts No. 2 , 
i 
OGO - E Tr  iaxial Magn. 
Assembled Unit 
Module 51723-101 
M A R S H A L L  I TITI c YO. REV 
L A B O R A T n  
TORRANCE C 
1312 CODE 
v Page 223 
M 
"> 7 - 3 1- 7 
t Monitor 50 pin connector 
M A R S H A L L  TITLE 
TORRANCE CALIFORNIA Assembled Unit, 
L A B O R A T O R I E S  OGO-E Triaxial Magn. 
I I 
I t 
4 b z i o n n e c t o r  E 
I 
1 
P 
Connector -har n k s s 
housing 
P' 
50 pin connector-/ 
L i
B TE 
To readout 
ins t r urn en t s 
50 Test 
Points 
Power 
Supply 0- . Per Stat-0-Lite instruction 
Figure 1. Test setup 
Module 5 1723 - 101 
Test Procedure for 
AEL 
13126 CODE IDENT NO 
UL FORM 201 
SPECIFICATION NO. 
~ 
33 SHEET 4 OF 
Page 224 . 
9 7  - 9 1 7  
ANALOG AND LOGIC CHECKOUT 
t 
1. Check to make sure  that IFC is off (Stat-0-Lite, IFC - off light indicator 
is on. 
INITIATE push button once). 
If not, turn the IMPULSE Corn. dial to IFC and then push the 
2. Grourd TP7 
Measure voltage at following test  points. 
- _  
OGO -E T riaxial Magnetom e te r 
Assembled Unit 
Module 51731-101 
- 
Test  Point Identification 
-- TP-17, X Axis Demod 
TP-18, Y Axis Demod 
I_ 
- .--.--- - 
TP-19, Z Axis Demod 
-_I- ' 
TP-21, X Axis Wave. Analyzer 
spectrum gain = 200 -- 
IO cps channel 
22 cps channel 
47 cps channel 
100 cps channel 
c_- 
220 cps channel 
~ 
470 cps channel 
1000 cps channel 
~~ ~ ~~ ~ 
TP-22 Y Axis Wave Analyzer 
spectrum gainin = 200 
IO cps channel 
I 
22 cps 
. 47 cps 
c 
Expected 
Voltage 
M volts 
f 10 
f IO - 
f 10 
f 10 
f 10 
f 10 
f 10 
f 10 
f 10 
OGO-E Triaxial Magnetometer 
Assembled Unit 
Module 5 173 1 - 1 
ML FORM 201 
Measurec 
Voltage 
M volts 
c 
SPECIFICATION NO. 
~ 
SHEET 6 OF %* 
4 
j 
_II 
Expected Measured 
Test Point Identification Voltage Voltage 
M 'volts M volts - 
f 10 
1 
100 cps channel 
< 
220 cps channel , * l o  
470 cps f 10 ~ 
10oo cps i * t o  i 
1 
-- 
I I TP-23 Z Axis  Wave Analyzer specti-urn gain=200 
i 
f 10 cps Channel ' * l o  
22 cps Channel f L O  
I 
47 cps Channel f 10 
100 cps Channel f 10 I .- 
220 cps Channel f 10 
! 
470 cps Channel f 10 I 
4 
I 1000 cps Channel f I O  
M A R S H A L L  
' TORRANCE CALIFORNIA M I L A B O R A T O R I E S  TITLE SPECIFICATION NO. REV OGO-E Triaxial Magnetometer Assembled Unit 
Module 5 1 73 1 - 1 0 1 
Test Procedure for SHEET 7 OF 
s 40843 
-77  Paqe ZL7 
Test  Point Identification 
TP-24 X Axis Waveform, gain = 10 
--- 
-- 
..-..,..-.--.-.- - .- 
IC-- 
---*- 
TP-31 X Axis Wideband Spectru - -- 
TP-32 Z Axis Wideband Spectrum gain = 200 
. Page 228 
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3 .  Check waveform channel per  following Table. 
p-p Amplitude Frequency' Bandwidth Gain 
in MV ei *0.470 cps  , Setting Setting 
_ _ _ _ _ ~  - 
! 
64 
64 
64 
64 
64 
j 
64 i ; 200 i 0.1 . 
j 64 
64 64 
i 200 
200 i i 
200 ! 64 64 
200 j 0.01  64 
1 0.01 64 
200 I 0.01 64 
- 
t ' 
I 
i - 
. * -  
l o  
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
output p -p e e to Measure Amplitude o 
...-.-_- f 0.4% 
24 
25 
26 
24 
25 
26 
24 
25 
26 
24 
i 
1 25 
26 
i 
I 
1 1 0 f Q . 2  I 10 * 0 . 2  
10 f 0 .2  
10 * 0.2 
10 f 0 .2  
10 f 0.2 
5 * 2  
5 f 2  
5 * 2  
5 * 2  
5 * 2  
5 * 2  
---.-*-I 
OGO-E Triaxial Magnetometer 
Assembled Unit 
Module 51731-101 
. -?7 Pane 229 
3 7  - 3 1  7 
--- * ~ - - ~ - -  
1 (1) 
B 
-~ --_--1 .__--.----I 
nput Sine Wave, Input Waveform Waveform 
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P 
Input sine wave p-p amplitude in MV, ei * 0.47a 
the input signal p-p amplitude written in M volts. 
accuracy is f 0.4%. 
Input frequency cps f 2%. 
signal. 
Column ( 1 )  gives 
The measurement 
Column (2) gives the frequency of the input 
The accuracy of the measurements shall be f 2%. 
Waveform' Bandwidth setting cps. 
waveform channel. 
Stat-0-Lite. 
Column ( 3 )  gives the bandwidth of 
Waveform bandwidth may be checked on the 
Waveform gain setting. Column (4) gives the waveform gain setting. 
Gain setting may be verified on the Stat-0-Lite and changed by the 
BTE Initiate Push Button when IMPULSE Corn. dial is at W G  setting. 
Test  point to measure. 
output shall be measured at. 
e Measured output p-p amplitude 
record the measured output at test  p int indicated in Column (5). 
output p-p amplitude shall be measured within f 0,4% accuracy. 
Column (5) gives the test  poi& number which 
o f 0.470. Column (6) is provided to 
The 
the gain 
eo - shall be. Column (7) gives the acceptable range of 
e: L e -
Column (6)  reading 0 -  
i ( Column ( 1 )  reading)' 
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4. Check spectrum channel. Proceed per  following Table. 
- -. . / Input ; Input ..Spectr‘um Record -Output 
I Amplitude ’ Frequency] Gain 
cps f 270 f Setting 
i 
f MV-* 0 .47  
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! 1000 
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! 1000 
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.a1 Calculated Gain,- 
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T P - 2  
-* 
1.4 f 0 . 5  
2 . 0  f 0 . 0 4  
2 . 0  f 0.  04 I 
I I E 2o 
(1) Input signal shall be a sine wave, column (1) ives the input signal 
p-p amplitude in M volts. Measurements sha% be done with f 40% 
relative accuracy. Input shall be applied to TP-7. Check Stat-O- 
Lite to make sure  that IFC is off. 
(2) 
( 3 )  Spectrum gain setting. 
Input frequency measured within f 2% accuracy. 
Spectium gain may be verified on the Stat-0-Lite 
’ and changed by BTE Initiate. push button when IMPULSE com. dials is . 
set at ST. 
(4) Column 4 is provided to record the measured output. 
measured within f 0 .4% accuracy. 
TP-28, and TP-29. 
Output shall be 
Output shall be measured at TP-27, 
(5) Column 5 gives the acceptable range of the spectrum gain. 
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5. Check .SCO. 
1. Turn the SCO Command Switch of the' BTE to on position. 
spectrum gain for 2. 
Set the 
2. Apply 1000 f 5 M volts p-p 33 f 1 cps sine wave to TP-7. 
TP-17, TP-18, and TP-18 for a 500 f 10 M volts p-p 33 f 1 cps 
sine wave . 
Check 
3 .  Apply 1000 f 5 M volts p-p 1 f 0.02  cps sine wave to TP-7. Check 
TP-17, TP-18, and TP-19 for a 350 f 120 M volts p-p 1 f 0.02  cps 
sine wave . 
4. Apply 1000 f 5 M volts p-p 1000 f 5 cps sine wave to TP-7. 
TP-17, TP-18, and TP-19 for a 500 f 200 M volts, p-p 1000 f 5 cps 
sine wave. 
Check 
6 Check wave analyzer' channel. 
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7.0  Wide Band Channel Checkout 
7.1 Apply a 2.000 f 0.005V p-p 30 f 2% cps sine wave to TP-8. Make sure  
that the Spectrum gain is s e t  at 2. . Measure output at TP-31, TP-32, 
and TP33. 
q 
Output shall be a DC level, 4.000 f 0.80V. 
7.2  Apply a 2.000 f 0.005V p-p 1000 f 27" cps sine wave to TP-8. 
The output shall be 2.000 f 0.800 V DC. 
Make 
' su re  that the Spectrum gain is  se t  at 2. 
TP-32, and TP-33. 
Measure output at TP-31, 
7.3 Apply a 2.000 f 0.005V p-p 1 . 0  *-2% cps sine wave to TP-8. Make sure  
that the Spectrum gain is se t  a t  2. Measure output at TP-31, 32, and 33. 
The output shall be 2.000 f 0.800V DC. 
8.0 Status-Power-SCO 
8.1 Turn the SCO COMMAND switch to O F F  position. 
shall be 3.37 f 0.17 DC. 
Voltage at TP-37 
8.2 Turn the SCO COMMAND switch to ON position. 
shall be 1.70 * 0.17V DC. Voltage at TP-37 
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OGO-E Triaxial Magneto 
Assembled Unit 
Module 51731-101 
Tes t  Procedure for 
L n m  w s a I E S  
IvnMiivL wxLIFORNIA 
R E V I S I O N S  
ISP EFF REV DESCRIPTION BY CK DATE APPROVAL 
Preamplifier As sembly , OGO -E  
Triaxial S. C .  Magnetometer 
Test Procedure for 
1.0 
2 .0  
2.1 
2.2 
3.0 
3.1 
3.2 
3.3 
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SCOPE 
This specification covers the electrical checkout of the Preamplifier 
Assembly, OGO-E Triaxial S. C. Magnetometer. 
APPLICABLE DOCUMENTS 
The following documents, of the issue and revision in effect on the 
date of invitation for bids, form a part  of this specification to  the extent 
specified herein: 
DRAWINGS 
t 
Mar shall Laboratories 
51733-101 Preamplifier Assembly 
5 17 34-1 01 
51732- Interface Wiring Diagram 
Sensor Assembly 
Precedence of Governing Docurnents. 
requirement of an applicable specification is in conflict with a requirement 
specified herein, the requirement specified herein shall apply. When a 
requirement of an applicable drawing is in conflict with a requirement 
specified herein, the requirement specified on the drawing shall apply. 
Unless otherwise specified, when a --- 
REQUIREMENTS 
Acceptable results a r e  contingent upon the use of the equipment and test  
procedures as specified herein. 
order specified herein. 
The test shall be performed in the exact 
Standard Test Equipment. 
EQUIVALENT, shall be used to check out.the unit: 
The following standard test equipment, OR 
A. Oscilloscope, Tektronix, Model 5 35A. 
B. Plug-In Unit, Tektronix, Type CA. 
C. Power Supply, Hewlett-Packard, Model HP721A. 
D. Voltmeter, Triplett ,  Model 630NA. 
E. Audio Oscillator , Hewlett-Packard, Model HP200CD. 
F. Digital Voltmeter, Cubic, Model V - 7  1. 
G. Vacuum Tube Volt Meter, Hewlett-Packard, Model HP400H. 
H. Recorder, Texas Instruments, Oscilo/ri ter.  
Special Test  Equipment. The following special test  equipment, not 
available commercially, shall be used to check out the module: 
A. Noise Amplifier, ML, Special. 
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3.4 Test  Procedure 
3.4.1 
3.4.2 
Connect test equipment as shown in Test Setup No. 1. 
Output dc resting level test. 
3.4.2. 1 
3.4.2.2 Measure output voltage at pins 1,  2 and 6. (X ,  Y and 2 
Output voltage should be t 5 f 1. 5 
Short pin 5 (IFC Signal) to ground. 
Axis, respectively). 
volts dc. 
3.4.2. 3 Record data in  Table 1. 
3.4. 3 Output a c  gain and response test. 
3.4.3.1 Place a 100 f 10 cps,  1.000 f 0.005 V r m s  sine wave 
signal into pin 5. 
Outputs at pins 1, 2 and 6 shall be 1.000 f 0. 015 V r m s .  
- _  
3.4. 3. 2 
3.4.3. 3 Record data in Table 1. 
3.4.3.4 Change input signal to 1000 f 50 cps with same amplitude 
as 3.4.3.1. 
Outputs shall be 0.97 f .02 V r m s .  3.4.3.5 
3.4.4 Heater Test. 
3.4.4.1 
3.4.4.2 
Place a milliammeter (V019)  f rom pin 4 to ground. 
Current should measure 720 f 100 pa at t 250 C (RT) and 
t 50° C. Current should be 6.8 f . 5  ma at -5OO C.  
3.4.4. 3 Record data in Table 1. 
,3.4.5 
3.4.6 Noise tes t  (RT only) 
The above steps shall be performed at t 250 C (RT), t 50° C and -500 C. 
3.4.6. 1 
3.4.6.2 
Connect test equipment as shown in Test.Setup No. 2. 
Measured output noise shall be less than 5 millivolts pk-pk 
over a 100 second interval. 
3.4.6. 3 Record data in Table 1. 
I anr I 'ITLE Preamplifier Assembly, 
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t 
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riaxial S. C .  Magnetometer 
Test Procedure for 
C 
1 
I 
SPECIFICATION NO. I s 408: I REV Preamplifier Assembly , Triaxial S. C. Magnetometer 
Test Procedure for 
OGO-E 
SHEET 5 
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:; 7 7 TABLE I 
Test  
Para 3.4.2.3 
DC Level 
- __UI 
Para 3.4.3. 3 
100 cps Gain 
Para 3.4. 3.5 
100 cps Gain 
Output Data 
- 50° C 
Vdc 
V r m s  
V r m s  I Vrms 
Para 3.4.4. 3 
Heater Current 
Para 3.4.6. 3 
NOISE 
NOTE: X Axis Output = Pin 1 
Y Axis Output = Pin 2 
Z’Axis Output = Pin 4 
h7 -91 7 
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APPENDIX D 
NEW TECHNOLOGY REPORTS 
1.  Preampl i f ier  
2. Gain Change Amplifier,  
3. ' Voltage Controlled Osci l lator 
1 
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3. 
4; 
5. 
NEW TECHNOLOGY 1. Reporting Organization: Marshall Laboratories 
DISCLOSURE Address: 3530 Torrance Boulevard, Torrance,  Calif0 r nia 9050 3 
REPORTABLE ITEM 2. Contract Number: JPL 951142 
E 
A "Reportable Item'' is any innovation, invention, improvement o r  discovery 
conceived o r  f i r s t  reduced to practice in performing work under the above 
identified NASA contract and includes (but is not limited to) any new or 
improved product, device, material ,  process o r  method and should be 
promptly reported to the Contractor's New Technology Representative. 
The questions below a r e  not intended to limit information regarding 
the Reportable Items; however, i t  must be complete enough for others 
to fully understand the disclosures and i t s  implications and possible 
applications. 
Title of Disclosure: Search Coil Magnetometer Sensor Preamplifier 
Brief (Abstract) Description: The preamplifier was designed and 
developed to amplify the low level output of a passive search coil 
sensor f rom DC to 1000 Hz. 
were selected for  their very low noise and high input impedance. 
F u e c t  t r a n s i s t a r s  IFF.T\ e ~ d  
Description (Attach sheets as required) 
A. Give complete information in  the following order: 
(1) . General purpose of the item. 
Improvement and/or advantages over prior methods; 
Detailed- description including as applicable the explanation 
of the principle of operation: details of the preparation of 
the process and/or materials; technical data, drawings , 
and sketches. 
fully describe the Item. Include reference drawings, . 
specifications, technical reports, test reports,  a d  
other technical information which will be useful in the 
evaluation of the Disclosure. (If a document containing 
excerpts of the requested description exists , it may be 
attached to meet this requirement). 
Features  of the Item believed to be new. 
Additional information to more  fully describe the Item. 
Does the contractor intend to file a patent application? 
. materials, o r  devices. 
(2) 
(3) 
These'should be included as required to 
(4) 
(5) 
(6 )  
Yes x No TBD 
-1 
2 
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B. Identify any previous publication of the - -  Disclosure. 
See attached sheet x .- None 
C. List publications pertaining to th i s  Item and where they may be 
obtained. 
See attached sheet -----.--. None x 
6 .  Applications: Include possible industrial and other non-aerospace uses .  
. Identify specific industries,  processes,  o r  products in which the 
Reportable Item might find application o r  to which it might be related. 
This preamplifier could be employed for amplification of extremely 
low level signals. 
7. 
8. 
.. 
9. 
10. 
What a r e  possible extensions of this Item: NA 
Degree of Development. Check applicable stage: 
Concept only Development completed; prototype available . .  
x Limited production ’ Other-Remarks 
Technological significance: In relation to the present state of technology, 
this ReportaEjle Item is considered to be a: 
Major imp r o vem en t Substantial advance in the art x 
Design improvement - 
Optionai-Publication of Reportable Items 
It appears at  this t ime that publication of this reportable item: 
a. would be of value to the Aerospace Industry 
b. would be of value outside the Aerospace Industry. 
one or more  of the following a r e  recommended: 
a multiple-page Contractor Report 
If so, 
(1 1 
(21 
(3) x a brief announcement (NASA Tech Brief) for republication 
a brief draft of a scientific Journal Announcement 
on a technical or trade publication 
publication is not warranted at this stage of development. - C .  
Q ?  -91.7 
11. 
12. 
1 3'. 
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Innovator's Name( s)  
ate / y h  * 
( 
Type or print n a m e  
Date $k/A 
i zatio n Rep r e s ent ative 
r 
3 
. -  
Type 'or print name Geor-ge R .  Mohler 
-- - 
Y 
Q ?  - 9 1  7 
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5. A Description of the Search Coil Magnetometer Sensor Preamplifier 
JPL Contract 951 142 
1.0 PURPOSE 
The purpose of the preamplifier i s  to amplify the output signal 
f rom a passive search coil magnetometer sensor. 
circuit was designed as part of the-OGO-E-16 Triaxial Search 
Coil Magnetometer. 
This preamplifier 
2.0 IMPROVEMENT and/or ADVANTAGE O F  DESIGN 
- -  
This design incorporates for the first time for the OGO-E Search Coil 
Magnetometer the use of field effect transistors for the input 
stage and a matched differential dual FET amplifier for the 
second stage. To increase frequency response, the input cable 
and sensor shunt capacitance is cancelled by driving it with a 
unity gain output stage. 
These changes have resulted in a lower noise figure than have 
previously been achieved in the frequency range from DC to 
1 K H z .  
3.0 DETAILED DESCRIPTION 
The preamplifier characteristics a re  as follows: 
Input Impedance - ? 9  10 ohms 
shunted by 10 picofarads 
2 Output Impedance 4 10 ohms 
t20  volts at 1. 5 ma 
Frequency Response DC to 3600 Hz (-3db) 
Output Voltage 1 volt RMS into 50 K ohm 
Gain 
Nois e 
100 t 1 
41 microvolt RMS from 0.01 Hz to 1 Hz 
- 
a) 
4 
b) < 0.01 microvolt squared per Hz from 5 Hz to 
1 K H z  
Operating Temperature -5OOC to t6OoC 
b i -9  1 7 
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5 
Figure 1 shows the circuit diagram of the OGO-E Search Coil 
Magnetometer preamplifier. 
N channel FET amplifier, Q which in turn drives the P N P  
differential amplifier Q an$Q5. The output stage is  a P N P  4. emitter follower to provide low output impedance. 
The open loop gain of the preamplifier is about 10 , and the closed 
loop low frequency gain is 100, determined by the ratio of R5 and 
R12. Capacitor 63,  shunting R12; limits the high frequency response 
by increasing the feedback at higher frequencies resulting in 
decreased gain. 
The amplifier consists of a cascode 
4 
The -3db break point occurs at about 3.6 KHz. 
The bias point of the field transistors Q 
resis tors  R1 through R6. 
a quiescent drain current is set  such that the cascode amplifier 
exhibits a near zero temperature coefficient over the operating 
range of -5OOC to t4OoC. The thermal stability of the cascode 
amplifier in conjunction with the inherent stability of the differential 
amplifier ensures bias point stability over the entire operating 
temperature range of -50  C to t60  C. 
and Q is determined by 
2 By proper selection of R3, R4 and R6 
0 0 
Capacitors C1 and C2 provide power supply decoupling, improving 
the low noise characteristic of the preamplifier. 
and R5 form a 1OO:l voltage divider for the injection of the in 
flight calibration signals provided by the main electronics assembly. 
Resistors R13 
4 . 0  NEW FEATURES 
The usage of selected very low noise N channel field’effect transistors 
for high input impedance and low noise. 
5 . 0  ADDITIONAL INFORMATION 
For  additional information reference OGO-E Search Coil Magnetometer 
Final Engineering Report and/or Marshall Laboratories, 3530 
Torrance Boulevard, Torrance,. California 90503. 
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Preamplifier Module 
Figure 1 
Ql  = Q2 = U1380 
Q3 = SU2066 
Q4 5 6 
= Q = Q = SM9139H 
R 1  = 300K t 570 
R2 = lOOK t 570 
Rg = Select 
R4 = Select 
- 
= 200 ohm t 1% 
R5  - 
R6 = Select 
R, = R = 5 1 K +  570 
9 
R8 = 56K f 5% 
R10 = R l l  = lOOK f 1% 
= 20Kt 1% R12 = R13 - .  
R14 = 12K f 570 
R15 = 30K f - 5% 
R16 = 1K f - 570 
Transistor 
I 1  
1 1  
Resis tor  
I 1  
1 1  . 
I 1  
C1 = C2 = . l  ufd 
cg = 2200 pf 
7 
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NEW TECHNOLOGY 1. Reporting Organization: Marshall  Laboratories 
DISCLOSURE Address: 3530 Torrancc Boulevard, Torrance, California 90503 
REPORTABLE ITEM C 2 .  Contract Number: JPL 9511 42 
6 
A "Reportable Item" is any innovation, invention, improvement or discovery 
conceived or f i rs t  reduced to practice in performing work under the above 
identified NASA contract and includes (but is not limited to) any new or 
improved product, device, material ,  process or method and should be 
promptly reported to the Contractor's New Technology Representative. 
The questions below a r e  not intended to limit information regarding 
the Reportable Items; however, it  must  be complete enough for others 
to fully understand the disclosures and i ts  implications and possible 
applications. 
-- - 
3. Title of Disclosure: Gain Change Amplifier 
4, Brief (Abstract) Description: The GCA can have a fixed gain of 1 . 4  o r  
14 depending on the gain control state. 
instrument gain to cover a wide dvnamic ranue - of input siunals. 
Two gain states allow an 
5. Description (Attach sheets a s  required) 
A. Give complete information in the following order: 
General purpose of the item. 
Improvement and/or advantages over prior methods, 
mater ia ls  o r  devices. 
Detailed- description including a s  applicable the explanation 
of the principle of operation: details of the preparation of 
the process and/or materials;  technical data, drawings, 
and sketches. 
fully describe the Item. Include reference drawings ,. 
specifications 
other technical information which will  be useful in  the 
evaluation of the Disclosure. (If a document containing 
excerpts of the requested description exists, it  may be 
attached to meet  this requirement). 
Features of the Item believed to be new. 
Additional information to more  fully describe the Item. 
Does the contractor intend to file a patent application? 
(1 1 
(2) 
(3) 
These should be included as  required to 
technical reports, test  reports , a d  
. 
(4) 
(5) 
(6)  
Yes X No TBD 
. i i  i - 9  1.7 
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B. Identify any previous publication of the Disclosure. 
None X See attached sheet 
G. List  publications pertaining to this Item and where they may be 
obtained. 
None See attached sheet 
6.  Applications: Include possible industrial and other non-aerospace uses. 
% Identify specific industries, processes, o r  products in which the 
Reportable Item might find application o r  to which it might be related. 
7. 
The amplifier can be employed wherever there is a need for a fixed 
controllable gain. 
-- - 
What are possible extensions of this Item: NA 
8. Degree of Development. Check applicable stage: 
Concept only Development completed; prototype available - .  
X Limited production * Other-Remarks 
... 
8 
- 
9. Technological significance: In relation to the present state of technology, 
this Reportable Item is considered to be a: 
M a j o r imp r o v em ent Substantial advance in the art X 
Design improvement - 
10. Optional-Publication of Reportable Items 
It appears at  this t ime that publication of this reportable item: 
a. would be of value to the Aerospace Industry 
b. would be of value outside the Aerospace Industry. 
one or more  of the following are recommended: 
If so,  
(1 1 a multiple-page Contractor Report 
(2) a brief draft of a scientific Journal Announcement 
(3) X a brief announcement (NASA Tech Brief) for republication 
on a technical or  trade publication 
publication i s  not warranted at this stage of development. - C .  
9 
11. 
12. 
1 3'. 
Innovator's Name(s) - - .. - .. 
i., ;I - 3 :, 7 
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Signature & Date 1-36-68 - 
Type o r  print name 
Technical Supervisor of Innovator(s) 
Dean Aalami 
Signature /&-iL/J Date /-3-u-c c/ 
Type o r  print name Robert Kobavashi 
. .  
6 7 . - 9 1 7  10 
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5. A Description of the Gain Change Amplifier 
JPL Contract 951142 ~ 
1.0 PURPOSE 
The purpose of the gain change amplifier is to provide an amplification 
of 1 . 4  or 14 upon a command control. 
2.0 IMPROVEMENT AND/OR ADVANTAGE O F  DESIGN 
This design incorporates for the f i r s t  time for the OGO-E Search 
Coil Magnetometer a dual FET input stage for high input impedance. 
This allows the usage of a smaller ceramic, low leakage capacitor 
between amplifiers. 
capacitor can be employed. 
For a high pass frequency of .004Hz a 1.8yf 
3.0 DETAILED DESCRIPTION 
The gain change amplifier is essentially a two stage differential 
amplifier followed by an emitter follower. 
is realized by use of an FET differential input stage. 
of the amplifier is  a function of the feedback elements. 
A high input impedance 
The gain 
Figure 1 shows a detailed schematic of the gain change amplifier. 
Q1 is a matched N channel field effect transistor used in a differential 
circuit to optimize the thermal stability of the bias current. The 
offset compensation of this stage is accomplished by use of select 
res is tor  R4 and R5. 
a differential amplifier made of matched P N P  transistors Q3 and 
Q4. 
The voltage gain of the second stage is  nominally 400. 
isolation amplifier Q5 is operated in the emitter follower mode 
and has unity gain. 
gains of the individual stages, i s  nominally lo3. The closed loop 
gain is determined by the ratio of R11 to the parallel combination 
of R7 and R8 where the control.transistor Q2 is "Off". 
transistor is kept "Off" as long as there is no positive signal applied 
to its base. 
turns "On" and the closed loop gain is determined by the ratio of 
R11 to the parallel combination of R7, R8, R9 and RlO. 
In order  to prevent high frequency oscillations inherent in high gain 
amplifiers, the filter network R14, C1 and R15, C2 is inserted in 
the circuit. The change gain amplifier is characterized by a low 
output impedance, stable 
over a temperature of -15 C to t60 C. 
This stage has a nominal gain of 2. 5 and drives 
This helps achieve maximum bias point temperature stability. 
This 
The open loop gain, being the product of the 
The control 
When such a signal appears, the control transistor 
See Figure 2. 
ain chan e and a very good gain stability B % 
4.0 NEW FEATURES 
The usage of a matched pair field effect transistors to achieve very 
high input impedance and low noise. 
b'7 3.1 7 11 
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5 . 0  ADDITIONAL INFORMATION 
For additional information reference OGO-E Search Coil Magnetometer 
Final Engineering Report and/or Marshall Laboratories, 3530 Torrance 
Boulevard, Torrance, California 90 50 3. 
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Gain Change Amplifier Module 
(Figure 1) 
Q1 = SU2066 Transistor R14 = 10K t 570 Res is tor  - 
Q2 = GT5968 I 1  R15 = 1K t 570 I 1  
I t  R lb  = 33K t 570 I 1  
Q3 4 
- 
- = Q  = SM9139H 
Q5 = 2N2484 Trans is tor R17 = 39Kf 5% Resis tor  
R1 = 22 Meg. f 5% Res i s tor  c1 = 120pf Capacitor 
R2= R 3  = 47.5K f 1% 1 1  c2 = 1000 pf Capacitor 
R4 & R5 = Select  t 5% 
R6 = 49.9K f 1% 
R7& R = Select  f 5% 1 1  
R8 = lOOK t 1% 
R i O  
. R 1 l  
R 1 3  = 120K f 570 
11 - 
I 1  
9 
1 1  - 
= 3.24K t 1% 1 1  
= 40.2K f 1% 
R12 = 25.5K f 1% 
- 
1 1  
I 1  
I 1  
13 o I . - 9 l  7 
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( t 2 . 5 V )  
e 
0 
Note: R7 and R9 are Gain Trim 
Resistors 
Figure 2 
Simplified Equivalent Circuit of Gain Change 
14 
NEW TECHNOLOGY 1. Reporting Organization: Marshall  Laboratories 
DISC LOS U R E  Address: 3530 Torrance Boulevard, Torrance,  California 90503 
- -  
REPORTABLE ITEM 2. Contract Number: J P L  951142 
A 'IReportable Item" is any innovation, invention, improvement o r  discovery 
conceived or f i rs t  reduced to practice in performing work under the above 
identified NASA contract and includes (but is not .limited to) any new o r  
improved product, device, material ,  process or method and should be 
promptly reported to the Contractor's New Technology Representative. 
The questions below. a r e  not intended to limit information regarding 
the Reportable Items; however, it must be complete enough for others 
to fully understand the disclosures and i t s  implications and possible 
applications. 
3. Title of Disclosure: Voltage controlled oscillator 
4. Brief (Abstract) Description: The miniature VCO w a s  designed to 
telemeter real  time waveform of a triaxial S. C. Magnetometer. 
Center frequencies of $OK, 52.5K and 70K Hz were emploved. 
- Freciuencv - deviation s-9 to i -1 were 
e mpl o ye d . 
Description (Attach sheets a s  required) 
. .  . .  
5. 
A. Give complete information in  the following order: 
General purpose of the item. 
Improvement and/or advantages over prior methods I 
materials ,  o r  devices. 
Detailed- description including as applicable the explanation 
of the principle of operation: details of the preparation of 
the process and/or materials;  technical data, drawings, 
and sketches. 
fully describe the Item. 
specifications, technical reports,  test reports,  a d  
other technical information which will  be useful in the 
evaluation of the Disclosure. (If a document containing 
excerpts of the requested description exists, it may be 
attached to meet  this requirement). 
Features  of the Item believed to be new. 
Additional information to more  fully describe the Item. 
Does the contractor intend to file a patent application? 
These should be included as required to 
Include reference drawings, 
Yes X No . TBD 
I Page 261 
, 6 .  
7. 
8. 
9. 
10. 
B. Identify any previous publication of the Disclosure. *2 t . g l 7  
None X See attached sheet 
6. List  publications pertaining to this Item and where they may be 
obtained. 
None X See attached sheet 
Applications: Include possible industrial and other non-aerospace uses. 
Identify specific industries, processes,  or  products in which the 
Reportable Item might find application o r  to which it might be related. 
. .  
The VCO can be emploved w w e  s-m 1 tn 1- 
to be transmitted through a F M / F M  svstem. 
What a r e  possible-extensions of this Item: NA 
Degree of Development. Check applicable stage: 
Concept bnly Development completed; prototype available . .  
x Limited production . Other-Remarks 
.Technological significance: In relation to the present state of technology, 
this Reportable Item is considered to be a: 
Major imp ro vem ent Substantial advance in the a r t  X 
Design improvement * 
.- 
OptionalzPublication of Reportable Items 
It appears at this time that publication of this reportable item: 
. a. would be of value to the Aerospace Industry 
. b. would be of value outside the Aerospace Industry. 
one o r  m o r e  of the following a r e  recommended: 
If so, 
- a multiple-page Contractor Report 
(2) a brief draft of a scientific Journal Announcement 
(3) x a brief announcement (NASA'Tech Brief) for republication 
on a technical o r  trade publication 
publication is not warranted at  this stage of development. - C .  
11. 
12. 
1 3: 
' -'9 Page 262 
Innovator ' s Name( s) 
' 
Type or print name 
u- 
Contractor's ology Utilization Representative 
Signature 
t -  / -  
16 
Page 263 
17 
5. A Description of the Voltage Controlled Oscillator 
J P L  Contract 951 142 
1.0 PURPOSE 
The purpose of the subcarrier oscillator is  to frequency modulate 
the wideband signals f rom the X, Y and 2 axis of the OGO-E 
Search Coil Magnetometer for  special purpose telemetry trans - 
mission. 
2 . 0  IMPROVEMENT AND/OR ADVANTAGE O F  DESIGN 
This design incorporates for the Search Coil Magnetometer, a 
low power circuit with improved stability as a function of tempera- 
ture and greater linearity over the modulating frequency range of 
1Hz to 100 Hz. 
Frequency deviations of f 15% was used for the 40 KC SCO and 
7 . 5 %  for the 5 2 . 5  KC and 70 KC SCO's. 
3.0  DETAILED DESCRIPTION 
The subcarrier oscillator is  , essentially, a frequency controlled 
astable multivibrator driven by a current source. 
over temperature is  realized by operating the current source in 
a common base mode and input signal coupled to the emitter. 
Better stability 
Figure 1 shows a detailed circuit schematic of the subcarrier 
oscillator. 
6 2  and C3 constitute the multivibrator. 
control the charging current through C2 and C3. 
charging current decreases the charge time of the capacitors, 
thereby, increasing the frequency of oscillation. The output 
frequency of the SCO is , therefore , proportional to the amplitude 
of the input signal. Bias current stability is  provided by the 
complementary emitter follower Q,. The variations in the base 
emitter junctions of Q3 and Q4 with temperature will be cancelled 
out by the opposing base emitter junction of Qg. The diode CR2 
provides isolation between the SCO and the output amplifier Qg, 
The diode CA3 serves to stabilize the bias of Q6, and CRl' turns 
'rOffff the SCO by clamping the base of Q1 to t6 volts. 
Transistor Ql and Qz along with timing capacitors 
Transistors Q3 and Q4 
Increasing the 
4.0 NEW FEATURES 
The application of many known techniques were applied to achieve 
an overall improved circuit. 
18 
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5.0 ADDITIONAL INFORMATION 
For additional information reference OGO-E Search Coil 
Magnetometer Final Engineering Report and/or Marshall 
Laboratories , 3530 Torrance, Boulevard, Torrance, California 
90503. 
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FigEre 1 
QlQ2 = 2N3486 
Q3= Q = 2N2484 
Q = Q = SM9139E 
CR1 = CR2 = CR3 = DHD115 
R1 5 6 
4 
5 6  
= R = R = loOK* 170 
R2 = 68K .f 570 
R3 = 90.9K + 1% 
R = R  = R  = 30.1Kf 1% 
- 
4 8 9 = R 1 3  
- = 6.8Kf  5% R7 - R 1 O  
R l l  = 220K t 570 
R12 = 63K f 5% 
R14 = 4.42K t 170 - 
T r ans is to r 
I I  
I t  
Diode 
Resistor 
I 1  
I t  
1 1  
I t  
I I  
I I  
I t  
c1 = 4. 7 Ufd 
C2 = C = 270 pf I 1  
Capacitor 
3 
c4 = 10,000 pf I t  
3“ 
